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a~lso by N4ASA pei-soniieeIt Lagly Rese ;r ch: Cont, Va. Other lioka;;
tory -tests were pefjrfiiea--at~-Good~ Aeocspce Oho, ficlud-
~.in teial, sear, ahnejoint te §tihg, por,,6sity-raeasiikemeni-!§, and-heat-r
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ody~ar Aerospace cofidticdPha ia I--of AflDPIEP mnder !iontradt [

A*. -4)19 5 acd-p ild tenit"ues were devieloped i
df-deZelet! t ; C4g§ p4 maU mara~-

rhateadBALTraitoegn~utg Im throug wInd-tunnaI
4mdifree-fliglittests on the, !iasis of the- afbremnentibed goals. Moreover,
to~prode-a free-flight-basis for eva__ating, the analtd lad miia
'techniqutes, it was -nepessary to6 de~igq, ddVelbp, buidn4el at o

10",4 - 2-, - - -

types of test 7vhie that wviie adyal for launching by conxibinations
of existing boos;ters. '-,--- '

-Gooyea Aeospa e codced -Phise II- of ADDPEP, under Contract

- AP33(615)-1513.7 Tisjbasz co isted-of a conitinued eviuatiO'i o, design
-tec nqes for two decedlratbr ty pes: -11) l4rge -parachute_ and (2) -BAL-
LTE k zeneral-, offoits were_ suc?u in developing egineering

techniiques fcoi -the design of ddecelerdti- icapable of perforimg in severe
environrAOAtq,, Mor~e sj cifically; - --

1..''ar- haut, *,6i~4swr- built thatliad the s§arn*basic
- hniA-:jt di4;neter cano~py. 10~

percent exed~sit a.~ l4%cn _porositk

~ G ci Godyeresace Cor 6ration- Akobn. -Ohio.
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,- hie.-arAchute- Wire. desigqed:!or 200j-0O-lb
__01)-e4gh ~ets; ere performed

~ ~of ~5G~1. 63, and
11 A4 t Alitiuds 15j I5-39, and -IQ, 538- ft-
-aid- at, dyiiri pXessurs 'of 1,088,, 2118, and33B3
psf ieptvl. htsts, ccpfirmed tha 'this

piiachxitiX AlC4 aerodynamic dharac-
_.te fcs.An&~dequ t stegth

2.= -fo -imee BA!,tU'TE'2;,w6_re fabziqated:
J-o0 bt texieiid- meALloths The~e weie de-

signedi-for- a- brdad spettriim of deplomf pondi;-
41fi ani a from Mac 2Tzt73; 000 ft toIMach

-~ ~ i .at- 22540Of. ii te tile BALJAJTs were-wiind-
- turn1indl fe-g# t'tet;heFmtl-BMI~
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d C6&kita~t AF33(6f Y-254L . Thip phase consisted o ~cniuz ~a-
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fiiu d £~inPhae fud 11;an 2 sn para_ itie (oiiiudf
P4hSe i. As in prpevibiis j~hases, th~e 4reas; uvestigated-include anialyti.-
(ataxnd engineerin desi, Material c.jaaiiis f j abricatontchixs
and wind-tunnel-anid Tree Iligh tets.The larke. -an-dsniafl1_rachute_-e-_
celeratbrs were evaluated uniider, more s~evere cdit#ions:than tho6se-irm-

- - poedjin previoup5 phas§es. -Tablie I suminarizes -the cZhara cteristics of
these dece~enatok rs as wel aO the design -test point-data. Brief!y- the
Phase Af rsuis ar'e as§ f~ows:

-1_. Three large ,paracbuqte (deigna;tic L?--7,. tt-8,
-an2d tP-%'9*wer'4 -built That lad- the samhe basic con-

figurationi as the-PhAse II di!si~ hemisflo, l16-ft,,
diim:ter c'nopjrI 0p e rcent exeded'ski, JO-
prqen por P& ty. _These parachutes Were disignpd

'for' ZOO, 000-lb -Oppninig lcds. Fie-flight tests
were perfqrxiied att qa!ploymient Mach nuimbers -of,

:.22, 1. 20, aid-. 70; at altiiideis of 18, 050, 9370,
- ad 1X 0-t andiat dynam~icj pU-~re f3697,
15-, 555 -pisf,- respectively. The tests, con-

firmhd the pedi 'tgd , drag area; however, the reef -
4- ing line loads kere ti~ncerdetim-ated. Irnp;!bvedz 4na-

lytic6.1 rnethod6 aire -nee.edto pr veditthis hoop-type
load-undei dyna tinic ditioin'lat th4 higher Mach
.nurnbe-s.
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ployment contrl for spdaL Darachqie (SP) tests . booster cdnibi-
m~iation~-Udiecd.- Tat 'tm- the- dta ac tdsitbf3Lin~itrzneh

TrABISE IV B O C- Y~E#CNIIN

;TST m m:C

aIit~ (fr) -~ah _mo. S)r e:!u f! psi)

Tesi t.;-- ______ e Actual ___ ____

Wet~deiJOot?___Acal j~k td Actual

-SP;3 ~83 H!N A54 -7 2.7 2O 329

Sr--4- 84 53NNr ~ I 63_ 1. 200- 328

4.adat elevtionan 3e-

?Booster definitions: H W

.4t 44. -

'TABLEX V -, INSTRUMEN .ATION -PERFORMANCE FDR

____ Teiin I Caa~ih
- ______ _____ 

4-try-in trun 9itaier _____

A -Stati. Accl Soc
Test frdesir [press-. nAM*' A, rag od 700 fp? [ZOO fps,

SP3 1 1 1123 3

-~'Pulie ramplitude mn6duie tion.

'+Notes: "

21. Satidfactoiy-data obtained for test-pei od.
'?.Dat-i obtained, fore oiirw-p6Ai.n6ftiest p'eriod.

3. Unknowff.4
4. Dat not utseful or niot, obtained during -test, period.
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IITjiledts -ce osse o ttreeg esand two techn cialas; In
adiin., aartinepyrotec!3niCS esagineer w.assged Basically.

-the responsabil~es, *ete as2 foqldr~s.z

1.Piojectq enginieer -ogaxnaezent.

2.;, Idstruirentatioi-en ineer- Oin.'board data .4 ui

- .Deiprenlt en -ne'er v6h- l -.§ystems andas-

Zlcto 2

- - 4. -n1e ctic -technic'a _"asistance for inatrimen-

~o <i-ato~~ ngFer loadingan-
esn -snemblyfor

5 e piov eiiei acpe he onprii IVi
baCs -:

4. MARY i C OCLZSIONS ssen ~sxmrzda o~~

the eadtdofthe~tept Vhde ssesi.smaiea ol~.

1. estYeicle A/Bo6osier The te~ t results-indicated
tihat vehicle perforin c'be i bpdi h Ed 4wih conf-
fidence. All. the data system conmpbnents w.ere adie-
quate ovr the-pefr.orma.nce irang~e. Ekfteriial solder,

conecos- to the-'outside camiera becameunreliable[ 1at Mach 2.2- -the se wer e changed- to cr c coilnec,-
tionts. Ro-eyadruabl t 4 e rieyte aa

o-hb eeih4silpi~ How ver.,, th

c amera~s wNeie foaund,46 have, -unacceptable reliability
with zmrbet-oeeseI .Ttist Vele -t/Booster - The test results indicated,

thtvle r. perf~rm'afce ca~a be pr edicted, with cn
fidence,, Bea*con, droppqt occured jqst -prior to launch
on t~eP3test and! at Lance-booster, ignition on the

* SP-S test. The data transmission range was exce'-
'lent, and- the vehicle met de sign goals. f or rpusab~ility
whenri, d6ved.

-' (ReVerse is blank)



1i -tkouci

The-oeall gal o-,'6-the aisersoni -k pjeRrachue tag4for zi ndir aDDPE

Was to-exte~diroi itransonic: spee4-6j to vihi3 i -*ith a .7ani _iess
(q f 10-,ps.T~work on i.,lkge su;personic 4.-ghzq parahut de

celratr vasiitiaited-' durin=g -ADDPEP PhaLse I(Referenice 1, cnine
duig Phas e: fl '~e~jen , a co iilude Ad"I"~i Phase Ml.

The~ larg-e* d cu(P ffort has, 0#en coi~itrtated on- two bas§ic de;-
sht~s (1)coni-ca1 and (Z) henmifl6 T,~ b ~irchutb es

-itemrfs, LP-1 an LP- 2, were des';ignied-aidi-abri cated -during Phase I.-
Thi66 heniisfl6 pairachut2e test itefiis, LP .3 LV-4 an . _,P-., were &e-

V sign;6Zn4 labfiitedduring.Phase Thre iencal hernislo test
it9'M~s1P u -an, i9 eeiia~duigPaefL

Lalemisfia caiiop -si' chogier~.s aI-f~n~~a diamtr, Do.
ti sA a- -#mrn m

The Pha~p 1I11 test points for LP177, LP-88'' &nd-LP-9 -were establisihed
mit -AFFD1LiRT-D 6 o n cur r'ence 'y c oiid 6 J.ng thie deis i kd t es t co6n dit ionis,

av~labebostesaxd. range- -Agfet*,, i~4uieiefits. -Tra jecioryanialsis
__ - ~_Tircsuted-n VAth ah evabes~~ poiths hown f . il I

TABLE. VI - DESIRED -TEST POINT-S"FOR LARGE PARACHUTES-

o 'nitial '6znditi6ns

Dein Mich Altituide Dynamric anl d.g Reynolds 'Booster
co igran nangIl_

cofguaio o. ON(ft p'"'iss (psi), fron horiz) no. (0)comnb*
LP-7 2. 37 1- ,IPO -55006 - '' 11. 55 HJ-1N
LPm-8 2.27' G,!&' .6606, 1 931.4 NJ'-N

LP-9 3.00O -18,7,50 646b0: 21 12.29 HJ-7;L

j Booster definition: NJT Honest John;,N A-- Nike; L,= Lance .

4 it was not'necessarjy to build LP-6. since the test point originally anticipated
for inivestigation by this, parachute was covered,-during Phase, II by t1pa- LP-3,
'LP-4, and LP-5 tests.

I ~17 K
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g - -A!s,

a~Ithse wrdflpatachifted o-riginadly- wete dbtsign ed- fcr the -naini
"r-odynaiicl-oading- ,o-ndit-ion 'of -M;ac i &. On tih ree i size Oagedl

wih bagipgjest iconditions. The Phase HI tes~t 3 esults .,bonfirvne4 the

Th bzipflo LP conf-gptatio- details ae gie jAef'erence I -adl arie
surzrnrizecje I.ow. 'The gjeeaL, diesosiesoni
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$9IO )n I LAaGE~ PARAt'HU-tk 45AikOk

nt Phis~iII. -the L P1J, LP- , ah L r9xc led hemni flo Talachotes.
wdr_, 44 d04y Teist Vehi cie A;, iAunch edCby Hones-! TIomn~ikel '(Hi-N)

- 5 bL hootertqombifiatiohs. Ti -':Itr-.a
fie e.t t: -tal test -qniin s f r t'~~grep~~htesj as w*eU.1 as I ol

the~~Z As-ic~ fh-3 *if*&~ aiiI2-5 items tht Aet-ted duin Phab
an~ n _~~~ aihe fo all. sLre, _pa cie, canope ae -piee e

IftLEk "V SUMMARY OF I~R~P R UTE TtST CON Q;DIT;ONS,

Rangeame~Loa~1 oiiaition -

vent~I ru1 sc b jva

IIifa 13 7
_if-!arti 1 1

LP3.Max~~imload. 6 10:. 29.4q0 .,-300B.2 1-356 1, 81.5

->' epa 23:o 15; - 5 U 6 i 211 15.,53,4

Ls 4Itl ietch 23; 15: 14A1Z~ 00 1. 53. -.1, 11,9842

I L.P4 xmuio 31 4 3lS80 1 '400 T§ ' ,34-

C.P best_ item 6ontAinr
seaain1 010 30 2187 3383 10,:538'

LtPl5 Iniitial line stretcb 17 "00 10. 61 40.000 1,72, Z950- 110,710
LP Maixnuntilload 17. 00 10, 81 52 60 150 40 .10,948,

'phaiemI"l
~C -.,p-' - 1~e th~r contis

-' sepxmton -22: -00: -1486 2.220 '3697 18,,05b
LP7lita!!estretch M22 'M 15.-14- 26 205, -. 160- 343. 18,489

LP7 lidaxiznum-load 22: 00: -15.361 -11249 000 .110 3250 18,161 Z

4 ~est liem cotairner.
ra o 2: 34: 13 . 62' .1,200 1514' '9,370

Lp-.8 ' Initial-line stretch' 222: 34: 44.18 20. 224 1. 080 % ,478l
L?- - M axiinuffi.16id i2 ; 34: 114.3A9 27.360 0.J98 .86-6 §,2517

.t 9 'Test iteri~contsinir'.-
." 'separation 18: '00: MIA.4'..~ 2.700, '15 1,0

.L-9~1: 0:.1.4120.,446, 2:250 4760 20,000

Pynai'ic.',presiure..

vm" 0



SEC TION IEEE LARGE PARACHUTE DECE LE-RATOA

' - -e sirg ct

TetDynamnic Oressuke-- .maximumn oad

3140 10j

Z1.0 -3t16~

P23LAO§ 0.18 - -

L?-9 Z~6lO I 4760 '-.1

Atiine'stietch.
I4ifie. tw~iist- ob seke i-these te~sts-# wa-pr~MatelY 14 5

b. Lar'ge- Pa)rachute R-

Te&tf itefii 3Ui7was dfydnerthe calculated test Maich.number -Of
Z-.37 but-at-a Ihig 4er- altitud&, whichvreduce te. dynai iesrt-j-36097 psf 'Thd Mtsslfe rol rat s ,Were L5 rscmpae -to4 to 5 ros,
dqIiring the earlier l.p-4 4nd' LP-5 t sts. 'The reefing--jine -Was 13 ft. -L ,-5
inu- Ion- as aid---uot _aad coi&i§e :0 60- na ', -lb, strength Web.
tacked togethier-. "the tesit p'arachute was extrActed'and- deplyed by mieans
of a 30-i'n. Do hemrisflo pilbt _parachio po(siiioned- 8. ft 4,.in1. aft of the 'test
itemii deployni t b_ Te plot:,dhut6 was- pernnnf t ed f!a we

-I 46. ~75_-imi long. Tw~iinty-four s;uspexision ie an 11apybra iso
SO0A1~webinig were used to, aid- ordirydi o~ret

'The lP-47 deploymhent was less Orderly thanin prio tet.Tis was

-caused-'by br'6aiting -df -the oradetaingopsof the depl6y~iient
bag;_ an ytern o rerprtioh -of the bak, clbth beyond -the locking,
loops. The re~straining loop failures allowed the,'forward half of, the ba.g

- -to InVert. As~a result, the forward portions-o 6tthe -lihes were- Pulled-
acrdoss portions- of the lihes stilL' stow ed. Because oft this rubbing action,
while-thi~y were under load, da.n-age opccurred to, the nylon suspension
lines. The tear in the Iear-portion of the bakgallowed- some canopy
gxowth. Durig deploymenf, dal-nage occured to the skittband axd to
one cutter pocket

T-he cantopy filled rapidly to the 'reefed condition. Pandpy attitude and
-the.-amounit of line twist-(appproximhat2ly 0. ' trs-were -acceptable,
baseddon,,the.eailier LP-4 anidL L;5 test results. Several -actions 00?;

currd a thetim- of orimedia'el2I'llowing, the inflation to the re-efed'I shape) The exct secpence of the actions could-,not, be -d ete ~nndfo

20,



SECTION niI L7ARGE A-RACHUT-P, DE CELERATOR - -

t~~ehigh-speecLb caniafls o ver, the -actionis could be- 'ss6ciated
'ith the periodd when the canopy had' . reefed sh~pe, Ddiig this inStantj

thiY re~fng linei the' suspenifidb.Lifes, and Ihe sfkirt ,band- were broken-
2 ( kixt bn~roken in twpaces)

'Th- xm .la recorded prior tob suspens ion lihe-failure was 112, 0-O
lb.This' *ia9& iiderbry lesi than-the v1jie§ recordid- without line-fail-

ure. during tihe earlier Ph~ase fItet uIsingth6 same ~desig and construc-
tio n o xthe canopy and lines.: P1 otfuigt inspection, of the -canopy, and lines
iict~d-the inqs, hi-d en weakened -by -extensive "ln4-'n -nylon"il t-'

dage,,e'Ien8c p.4 4 )e

Post-te~qt examiniation -conid'red that thines, ans'kirt' band w-%ere se-
*vrLr scrubbed'ahd-daiiiaged i~Riing d-eplopyrnt. The -- 'o kb*ks in the
skitb~d ekteneiAfnto the. -canopy: one, break Ihrough- I ribb*ons and the

-~--~tthrugh--3 ribbbnos.' the longer break toPP94 at the-fir~st riein Vfo rce ibbon. The dana~t th~e deploy37pnt -~ inicte apressufre-
typ falu~, i whchthexesraiin~lops gr~i~iietapr-oach *a struc.-

turai iha~4uat at he hih dyamic p:Fessure§ and'dynmi fetS -o

Fi'gdre 5Asosthe LP-77 performhalice cuves, 1eginnihg At test iteih
c6fitainii separatiofi an4 continiiing'thrp6 secondv -idicated-are te_

r ~~Variations In P~rachfute dve6i dynai rsue n.attd
46r.u tie fonparaht delgyent; dfataoi iihese curvesWere tib-

TI!_ #t~iopd ftrm data iedactio rxeports publfihed by White-SAnds- Mis sile
Ran-e IWSMR, Rkerein-eis 3anid4 or fr-oin the test Vehicle telemnetry

lFigure 5B hw ne ravrainWith -respect to-time- on'a selective
s-tale. 'ata -for the ibldt ada, plot- w ere gfeirited'_fr6rn onboaid. mbtio4nI _ _i ~~~1idt e- c "verage' -6 -

_ .Lak&-, Par achut6 L P 8,

Duie,- tothe- arinaae, sits t~irxe-by Tes;t- Vehicl'd. A -dir i-la 6h; t'est' tefzi
LP -8 da iepiofe a oon ios. mhuch 1jes thaipeI e.

-wasd~tcondti n -pp~j4#g~' Te damage-
al6w&Alth'heavy nose- ballasft 16 'seoiarate After boost And the lightened
vehicle' to decelerate, to-Mach 1'. 2 ,prior - t6he -deplo6yment ofd the test itemr.
The reefinigjflinewad 11 ft lonigas ladid out and consisted of- two 1Z, 000-l.
strength webs_ siewnvt together. The test-parachute was, extracted'ddde-;
pljoyed by,- . 3-in. -Do 'herisflo pilot parachuite, :reefed -permaently by a-
wVeb 40. 375-in. -long. The 6Pilot paraciue a po.sitioned. 8 ft 4 in-. aft of
the--test- jtenii" deploymnent' baig,

tight canopy !break ties and- 24 suspens ion ln iswr sdt aiiat
orderLy-'deployment. 'The canopy- ties -Were made using, 500-lb webbing.

Te2line t-e eemd by, uing, 50O0-1b~webbiig fojr the first eight ties;
6'06-lb webbing, for the sconid 84 ties6; and 700 -lb webbing. for the third, 8
ties.

The LjP-8, deploymnt was-very orderlyeand continuous, at the r-educed- test
c-onditions, eVen -though .the pilot parachute, li ne break cords, and canopy
break cords were sized for a higher deployment-dynarhic pressure and
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SECTION Ill LARGE, IRARA rHT ,DEGELERAT0,R

payload weight. Missile r61ll rates _were_ aprxey, onie6volution:
ersond. The new -ftronqg e r de ymn -bag .operated properly anid

waudam~aged

The canopy Blled to 'the reefed condition--and, exhibited excellent stability-
through-thei transonic regimie. The maximum load recorded as-_27,36

l.a Ie-,el 6f5~gfrte nmuch, lighter than normal, payload weight. -.Post-
test examination- indicated- no damadge -to-the cainopy, line s,. deployment
bag,- tn&ilo 'ytem

Figure 6A shows 'the LPI-8 performance c urves, beginning at test, item
container sep4afatoi and. c6htinuing fo three 'sicond.. 'Indicated are the
var:iations in paraihte-load, -Veiocityj,4dynmi prsue, -and altitudi.
versus ,tinie from parachute -deploymnent. Dttafor, these c urves Were o'b-
taqed from WSMR, reduc-tidn reports _(R~ferences 5 and. 6) or from the

testvehcle e~er~ery sgna ~pot.-

Fiur 6. hosinlet area Variation with respect to time on a selectivescl .!at o the inAet ar-ea lo9t were generated-from-on, -board-rio-
tion picture oer.gd.,

Test item LP9.wsd,. at cog tbs-na-tleatcptdMc

number, an~d altiude,,which resulted na namic, pre ssure of 5155 psf.
A, peak -force -of 120, 446 lb was- mfeasured befjre isuspensioni line failure;,

th~vlue also was -belowu'te values, measure i Phase _ withoutss
pension line failu:Ee. 14-s In-teL-- ~ ;~ po tfiigtea,,nanion-obf- the,
suspexision-lines indicarbd- they -had been W e1kened jby'6xtensive "nylon-
t6nnylon, typ6-daniage (see itemii 8,c' p44)

The reefing. line wa-s 11 ft-long as laid out and consisted of tw o 02, O- lb,
strength w~bs- sewn -,together._ th~ es~tIitemwas extracted- and; de ploy ed.
'by meas of a 0i.P emsl io prcueprmanenly iefed -by
a -we'b40.,37!5 in. long. Thepilot parachute was positioned 8.ft 4 iii. aft
of the-test item -deployment bag. .The lP8 break i rrneen a
repeated for I rdeirly-deployment. 8b1 ~i,'ragmn a

Useful on-board dafie'ra coverd-ge-Was nodtobtaihed due to-heat affecting
the exterior camera and- the -film iamifia in the interior camera during
the LP-9'deploymnenht. However 'the load traces, indicated a smooth con-

-'tinuous action with a rapid filling~time, followed by an abrupt load -drop -
off to aprxmaey25, 000- lb.

Post- test examnination indicated -reeffingz line failure near Go9re 8. The
reef in hirings, were retained by their -attachments to the s 'kirt ,band- under
the Loads occuirring during,, the breaking- of the 24,6000-lb strength, reef
ing- line webbing. The skirt band- was -broken in Gore6 8 and 19', -Canopy
damage from~ Gores 9- through 19 took a,- form different than earlier tests.
when the radial6 -located, on one-side of the ribb4ons became detachedfrovd-
-the'radials on'the- other side -of the ribbons. Between- Ribbons 8 and -29,
the verticals spaced'the ribbonis. Fi6m Ribbons 3.0 t Io -4 2 (skirt bahid),
damage to the verticals was extensive, -the ribbons were free to slide,.
and some failed,. Other ggres' ha,d sewing and ve: Irtical-,danfiqge. Near

j 23-
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SECTION III,-LIAiRGE AAWT IEEEA

Gore 19,j seveia&,Tibbbns-we+ebroke, 
Thlnswrfrom-the canopLy1h --ni he L1 ten.t The danaged4 fartherhad bden extended4 to 5 ft'forwajd. bf the -kirt. -

The L -deplOYMent b ag (deqdribed later in-th sconnt gDsign an ,biain wa cohpetl nca i~e fone small lining rla thtcvrdtelokn op no eaig haf.Thflap System , -which replaced-the l _-g resf raifing loop onh arirLP -3thr~ gjh L P-7 tes s, w s u da m ged, a s W ere the bag gr o mr ets a l ning ~ I attehihrdn.;nitc pressua'es.. The- srnall pir&J6 t Whutdamaged as in_'-earlier tests. 
. -wsun-

F: g ire 7 s o w h P-ar br r c c v - ?, -b eg inn in g ,A t tst item con -tainer ~o se a.to andotning for three seconds Indi e ar thevar-ationsr in prcuteload,, velocity, dy9namic pressure, -and aft!tud eru~timne. Data, for theseB clirve~s were odbtajned from WSMR re6ducinreo- - ( . e f e e n c e 7 a ~ 8 ) r f r m th e - t es t ve h ic r e t e e r i ~ i . l
The -performahce &da 1fo -the tests 6f Ljp-3 throbugh L P-9-ar e'disc~u se~nEh~following aerdaicnlss.-

3AERobYW~ijA OANALYSIS.Ot

a:. enera
Th ofgration, 2 .siel adusructra g-ADD ate_ Prials -for the la.rge high-qpaahtea stbihe uig DPpPhase 1, were)§eiected forPhaseill.The, basic aeroclynaxic task 'for P. ha e -]lW-Was- to- determnthreig size required for a -pek longitudial pnn odn a 0 ,00l-for each set of deploymen 

0,diios bhe p~~hswr net-* gted for determinin longhdinjoe.iglas 
hsavailable 1wnd-tunneij1dt feP_4ihdta d.Ana ical: methods.wd.: 1jtti; tfr~ ,lsin te ii figtdfa, ads it b a de nreas-

wo 'reli todestablishinginweren~d~ top~vet ealy~isreefftgoand, skirt band failrewhccouldleadto loc allVy dv daIng grdip -of, §,6pens ion lins.Oe f han ly ic l a pr oa he nv s ig t d .pr.edict d rn o tc a n b e o m p r e d w i t h e m i r i c va l u e s .e n g l e lo d v a u s t t 
-

b., Ieefingnas,1 onWind-Tunnel 
TestsReferences 9 through IlI give. wifi4f-tuhffelxresults for sed-tt acoefficients for, small anpagtarcuemdel.'iuey§ 8 co ae-these resuilts and the 'free -flight AIDlpEP- test reuts, excluding theopening shock lodst; peak load oefjicients for' the flight tests aie alsoilued' for referenice.- (Note' that the peak 'opening loads in- Figure 8are b sed n' W MR dta reuction repo.ts-, Referenc" 3 t ro g nl~through 1,7..), comparison of the -drag coefiin vlues versus theinlet reefing ratio in-Figure 8 indicates tfiaT wind-tuninel cat arenot,di-rectly applicable -for determining full-scale values, After theLoen*Ishock. The pak free-flight, dra -coefficienit and the corresponding val-ivies after opening 'can be comipiakedby u~ing -the to to urves.
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SECTION* M. - LARGE -PARACHUTE -DECEL ERAtoRk

11DAXEFII~ VALUES I1.

Jl R EF0-12 M .5

005 DM20

001 Pj - . .4; -1 E0 FO -12-

.. IN - .3 i

ILA REEFINGRETO

9 .641I

Figure ~ E 121 M C2mp.rison 00Sa1Sa~adFe-Fligh DataK

4- c. -... eing Bsed o''Fi-Rigl~Dk6a-

LI~ ~~~~~~ M__ _ un.Pae IteI?8 P7 n~P~.pr~u~swr e1oe
Mach~~~~~~~~~~~~: 1.X,~ ,-a~21,rsetvl;wt ,ccipnigdpom

__ b'4 __dyani r~sues6 51,367 nd555 s. aleVIshweale_0nnaje th2et.niiosfrtetre etFgars9 hog
91 sowth f1~xn vjus e~~is atgetie o~LP7,LPJ3,ad

-a -I.D~e~ando an7 (sepetralyih link) yigdelymn

dynamc,.p nasuic pre14s,67sudre55,-~. VJ.h ma ik

rep-6othe earliest tdies i~ orsotites item cotie

Thecurve -of a grs 90ad 9Ddcate heffcetyp ofd loading troghth

,light regimne. The, first smiall load ,peaks correspond to line -stretch.
Thay ake usually -followed-by smrall specond load peas and then the qpen-
ing 4shock -loads.
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~1 The xneasuxed opening, tihie~ decreased, with increasing flight Mach nuin-
beres (se beV40I. 'This fknd.-was, not -observed i hae I(-3
LP-4 --and'L -5y'. yowser, the Q(pening tirfte5 fbr'LP-4 and LP-5 were,
affected- .byl 15 -turns -of line t~ist caused byiiilmissile roll- rates of

4 to5 ~s. Tis an b copare wih mior ine twist Lor rP3,, LP-7,
LPR-8i and LP -9,that was .da4d b or -initial misilpe roll rates Of

A~'~ - approximhately 1. t~ps:

Figurr &1, ghov s he Z lad measur04dby the strain link afid load/dynamic
pressire-Viers Uach nuiriber bdk P3 P LP LP-5, LP-7, LP-8, and
-LF-9. -the initii&rpj4ks_ cxesondf to 'liie- stretch loads;, and-the later
pe6ak, to re6fe-d "an4 'dis re.f~i qOpning~oads-^-

Table IXpeet the didenio 'I-anid-loadiAng- parameters.. Each 1l6ading
paraiheter -is based' on 'copditions -atithe -op -iig peak loading that corre.-
spond' to itsi dimensiona4>param,~e r.

'The vdlues pDresented ifitiolinns 4'through 7 are £rornthe_ reduced rang!e
data. the Coluin vaIU6' 6'f16 lad/dynamic pressure (L/qjaie'Iifoi'n in-
te~r;)etatibn of-the curves aifter the opening, shock. The values for LPA4,
LP .5, a~d LP-8 -are evidi.-t for the reefe~d' cnditionij howvever, LP -8 val-

uesaref~ia lighe 6eight-_'payloadz nd thiey aie not directly ipplicable.
Valueps' for the di'sr 'efed: p.4r cl--hte,-iter thei opening,-qhock_.are., provide~d

14 tP-3 -and -LP-4- data. -

-By 'orkP;*ti'ng the- vdluds oftolumnns, 7and:8, an: openinig shock factor, can
be-deteirmined, azs given ,in-Columinn9. The trend is tolower ope- ning shock
,Values with increaEsirig Mach numbeu .-and: dynamnic pressure. -It should be
xiotd 'that the largest oeigshock value- occur red atthe lbwest iich

ntq i _ --_ and. dnamic pre-ssre. desp ie .,hemallest reefin& si.,e, i-e,-,1<1In an adttempbt to, coirelte test'data ,and predict reefing: sizes for other
delyAn oniinte- L/qAlue ktiiaimum 'l16ad&. as'-iocjrr ingat redfed. p'nig e diyided by reefing line deng' RL-rree

inlet area (RIA) 'to establish coefficientts.. The cdefficients -are:

L4qat L . (sqft)i
= ~max -1

KR~LL(ft) - LL (4ft)

'~RI IUAft)(2)

The values of thee cefint,iat their reefing dimensions and inlet
rieefing, ratios (ti. are'-listed in Table K -And' pr6ttdd in, Figure IT. 'The
-re'ioltant curves!-can be lusedto, calclate efngsz for a maximumr
opening load over a range of deployment donditions; the larger reefing
sizes -correspond to -trans onic yalue s, and the'lower sizes to the super-
soiiic regime (Mach 2 to-3). This plot indicates that the coefficient val--
ue s, ba s'ed on the, ree6fed inlet area.' are le ss seinsitive to- xeefing change s.
the same curves c~ii-be used for'other sizes of this configuration by
using the reefing ratio Values-.

' ~~28 -- _______
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S ECTION Ml - IJARGE PARACHUTE DECELERAtO6!a
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S~GTII~I ii LRGE A~ 2-NO~TES.

'I. -TA VA

'- \1 44)

10 P- 3 L,. S L- 'LP--

. TIM I CRAS p

-T-BLRI- ~it .k CH'OT IE F~LSIONTAL. AND P-

A-- "Z 6 7 -8 9

lin I. Z. ' s t

L ad/Dynaemichesrv~u~Mc~m

1, -2 0' 44- f7' 1,483
line14.3 1 5 litude Mach 40a0 4,4 at7_ L Tes

LP-4 20 +0 3 16,00 6.460 150st :;108.0 80 1q -350

LP- '14. 83, 17.,55 :10,948 1.-560 2,410 63 0 50 A. 260#
LP-7 13.10 131.66 18,612 2.110 3,250 28.2 .

LP-.,8 ILO0- '1.63, 9,517 "0. 908, 866 131.6 18 725b
lp-§ 11.00 9.63 20,085. 32. 56 0 '4,,540 26.6*'

*Clfu 7/6611imn'8-

tReefing and sispnsion lines-broke at this value.-
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SECTIO111 M-,LRrv PARACHUTJE DECEiER-ATOR,

>ALE -k i Ake. -PA-RACUT -BIvfAXjMIVM-

LODNG, COEF IZCENit&

2es 3, 4 6en
'Coefticiet ne

lingL Rim eefed ine
'TstatL- Aef~g1i n R.~ nlt, ara- I effiicient. reefing,

itln (sq AT) , sq-(t)- t) K at6

L3 11L.02 Z055 33,63, 3-,40' '0;48

LP-4-60 48 .1 7~ 3.8 4.5

630 '14.83 4, -25 1 7-.5 5, 3.5-9 0.-

LR-9,, 3O.- 11.006.8,~63 32 A8-
L~~i2.4 9,_f1LO63- 2.76 08

-dd Z/Cbluini 3.

tCoiwrna 2!Clxn

Tco1umI, 1 0s-.

-G-

{ - R.E3, LP.4

El Lp.5'

jr RA LP-7

4-. __ ~1

0_?0 .114 Z'6 '0.369 0.5 051 066

j.: REEfFING-LIN LCG~- -U4
IL -

0 5.07 :-7.94 1 .46 .5 5 2.3 2.70- 3 .77 -3W."8 46
0 REEFED INLET AREA.-RIA (so MT

Figure 11 - ,Reefi.g L ine Length (R-LL), and Reefed lxlet
- Area (RkIA)'ve-suis OCefficients (K-)I - 32



F7 S-ECTION Ml - LAAGI PARkAC4iTE C

'.,-Rfinj- Base&-6 Aalyticit.IUethcls;-

The ADDPEP"Phase II report pk0!sefits~ - Appoachlfor determiin qen
~ng, kiasasedn flow in the c np 5 y ~ -Iop voum hange, and flow
exit~g the canop cAek renice 2, ip, 33; 51 This ajproach determified',
the, toa farag; L e:., the drag of. qh hp ls'terisauisitin orce
dur_;iig the filln 4rcs kygoeti nreet f canopy growth.

-- - I

less than those Wmeas-ured_ dur ing -flight. h gsaqiito ,~ec1
dlatdd-a - ko6ched t'he drag values i~r- the -shaoe using thp, #Inet. ~ex

re~tios~i~sassum*ed. and-th& cor.ie~poild-n faiPiing. times,. Cdk 7
rectiiig -the mir~~ indfo r exitfost obtali illinig,-timeq more consistent

wit te lngr values measurd reduiced the clltedm ass acqudisition
fodes..

(2Z)-.shipe Dr'ag Caldul-ations

The shae dra cacltosare pesj~ited fbr, LP-5 fn,!Reference_ Z5
- 5 -46). A time . was choseri after th& open#ing, pe rkq4d #ndwhenlthe-decel-

eratwjns w*ere than&,ingq at a.16w rate. Figure -12 surnrnariids the force
valifes calculat4ed from re4ui-ed-daM for the -conditlins at A taxg time,-of

R~88(63 DATA- FORCEE

VEHICLE ccEL63A17W5-LB.5VgE."CLL

CANOPY. 88sii LB ATAHI1I RN

-8- W, -L;O~

120 -. 57-L FOC



- $ T-1TINIll - tARaQE PA'RVACH CEFJWO1

*Velicl dia-wa caiulaedastueforc Ii estbli hbIde e t4ikxriun_
under thd reiiaii ng-loadsr

- 'Vhice 4a~ eii.le-interti-a orce --strain, link- te nio

- - - vhice -eight-,c rent
PA -

-~ i7~95~68.-) - 6lE,s50 6l'O

linesP Sorce& -atthe 6idpoint df tin is r balancig the loads was
CAlc~a~ ariong, with-canop _drg force, D!, afid_ nominaL sufaice -drAg
coefixn~C :

-6 ---
d 

4-
-7 -Ca~4;1,py for ce t: h4 mi;on = ineriaf. foce Of weght aft of linl-

'weight comp9q -ent + straiIih-k
of -tensioh

- ~~88,(68.51 -304 I&,50-z

Can~py dr g fo ,D = cafiop~y nertia-for - weight -component, +
Caildpv line force

-2'M 22 00 -

- - - - Noinal su-rface -drag Coefficient~
-0 w

(dynaimic pre "rei, q)(ajysufc r&a S')
_0

(Z 068._6)(20Ofl06

The 0;. 314 calculated value'for the coeff iit at a Mhhload after the
pea~ofopekrg, all crrectly nea 7 the 'curves -shown earlier in tigure

84rthe- flight values excluding the opening, shock.

-103 0'ening brag- Caiculations 
{

- he ping -d'~ ~aCultos Can be made in. the same maniner as -above
bythe incldsiion-of the m-ass acquisition terms. Thed test re.'Jults from

LP9,are presented here as an ekainiple. The caliculation is. sim-plified,
'1as compared 'to the, previ6us example, by bi bakifig the, lo~ds ito only two

pa4rts' instea"d of thzree and igixo-~rig the flight path angle weight components
be:cause of the -amallflight. angleB. Figtire 13'summarizes the force values

34-



'SECTION III - AR GE P4AAdHtTE DECEdt'LERAgOR-

'J.~~23 tS5(60O).L FORCE- ~ -

'5M GG RAG*l?,6 B

235 (1'L FORCE ' &DI0.0,q

WEG4TA'iitR -LN
;9!10( LB CA6ULAi7b.5Le

-CU3TO4CC V7IL CLRAIW -

.A4

ftFgur 13 -_uxxmar y of _p ig Drag .alculation Force sJcalculated, about 'the, s tk in- gage from reduced- d;@Cta for the, conditions at
-~netime -of-'18:O0:9.3(7.7sc ongtjtby

j j " -The'drag at the first reefing line contact is baised on'the area of the inlet
dicformned .bythe reefing 3n.Teusrece refingi irum

fc is '0."'r't Ii s n-d~~tt ln steched- to- 1,.,Z times,[
its tifistietched length, Io Ir to .12.,87 'ft. 1 The co rrespondinig reefing l4ine
radius -is 2.06, ft. The ,inlet radius, is, consideredto -extend '1 in. outside
of' t''e, reefing line. Thus, the inlet raidius is 2'.-14 ft, -and- the inlet -a tea
is 14,4 sqft.'

'Detailed study of the load curve shows An/abrupt, decrease from -the peak
value., signifying the qtart .of parachute ftiiu e at the 1'.57-cpon
of rahge tifie'. Fiom anaiyo;-,th6 velocity at this poinitis 2652 fps,, and

th' crrspodig ynamic pressure is 4480-psf,, as indica.ted earli'er in
'Figure 7.

The m~ass acquisition force -canP be calculated. The -openin 1,time inter-val
dxtendif fromn l,9.48l to 19. 53,4 sec, an ela.pse& time of 6.',055 sec. The

liacquired mass is based on'-th -vlm ofgsasuedto have been 'ac~
4die&,ufig te iteral.This volume and mass are calculated, in-,thej followintg paiagraphs-.

At the timie that the reefing lOne is loa'',d the canopy -and suspension
lines Are considered to be in line, as' shown in. Figure 14. The indicated
dimensions are based o6n the, longitudinal, me~mbers elofig4ted to 1. 1 times

35



SEdtIOMt IL - LARbE PACkWtt DE'CELEMATOR

,

4K RAJU U RTU

gOEI;L

9Y

I~' N 35 T5+X

thx u'trthd'length. -The fo11owig cka]qu1-ati-on-shows, tthe-imanner in.
-Which R- -is Aeteirrmined:

354eft- 3R
00f

2~6 X, , ,

X+Y 1 0--572

TI1R - 3,5 +1-.-57?2R 4 '0.1

-. l8. 5,72A 45,1

R=243, ft: (7)

Th6bbri~sqfiing sperialvolume i's (4. 189,)(2.A3 ft)3  60. 0. cu ,ft.

It is. asined that -the sphere of air is brought to a complete stop relative
r'o the canopy. Using- Equation 13,4 6f Referende- 18 (p167)', the'siagna-
tion -pressure (P Id~s:

-, 36'



S)EGTIONMII L GEPA'AC~TT lECM LRAJWOR - -

Al. 9'70 - (8)'

where pa,=93 Isf;X 1.4i nd 7: d6,2144, = Z.5
CPC

The specific yoblume of the §tagnz~r.t air mass (vyr), assuimig a reversible
- adiabatic co-pres~sik iS: -

14

- = 310 cu~/lb(9)

ff Wev =2440, cu f/lk. The -vr~ dVkap- here- ofai-r weig~htthds be ,-
comes.60/3. 10 = 19. 35 ib. The porre nid~gmss _of the6 sphei~r i

19.3532.-6 0;04'slug s.
19-. g"

The mrass ; ~cqu'tio lorce (F )",is:-

-- P -

-~I ''04t

Wher, V = 2652^,fps, assmn nelgb btrpuiion fr on vehicle and

T ~suspension lipee;Am g.044sus n.A .05 ec6.
_Finally, th orce re suiting-from accelera~on-of the mass to the rear of
the-strain link is 'cduae~frte olwi Weigh:,-

Strain. Iinkz-cdnxie tion 7
Parachute-adbe 44L.

C ~Parachu te vifftet hf 1

Total wdigh~behind' sri lnk Z35.

- - the, fdrc(F<) to acclerate this weight ik:

-Y ~na,

Wa

-14, 3401 Q(1b)

3-7



SE CTjON-1f -,4LARGE PAJ RAC-U D]C RATOR~

Where. W .235 lb ,and a =61. 0&gat-the -instant of reefingWie _oading
'The ca~nopy ,shape drg at the same., ,nstant. can be sblved by eQ ang t-4

values ab-outh tan ik

- Cnoy shape drag + mass atq~sto force, parahute inertia force +

- straijilink force -

d anopys ha e -drag +29, -0 =2AS (64. ) + 109,000

- - C ;noy s hape dr, 94,224 lAb ().

-~ ,.ra co'efficient at maxi'mufim. oAd =

__94,2Z40
4480-.X-201-.06

T1he,-6 Q1-05, fallscorectly near 1the sh p 4raLg, qcurve sh~wn-earlier in

Checking-the strdin link value Ver-suas th(- vehicle inertia force to deter--
ie th veil4rag'L

Vphicle, drig 4kc -Vehicle Wi "&' Aciei lo

stiin, ink':force-

j . ~ 7.9) 6i-0 109,

1- -. 199,590 -19,t00Og,

=501b VA1)

- LAsed on this 16w Veifedrag. value, a measurerient error'r errors,
~~r pvden inthe 1o6.d factor or d&Ag 16lad& The vehicle drag at-the'se

conditions, sh~uld-be app;.ro -ately.,9209 lb.

o(4) OGpening- Re~fing, Line. Loads

!1Phase III, testing experience, witfh. pre mature 'disreefing and rd~l~tihg
.skirtt.band failurie (LaP-7 and L]P -9), emphasized: the ne6d for detrminin
the mhagiftude iof the gene rate d ho"P loads on the-reefifng line. This analy..
sis, -described I n kpni a, ofer a iiW bas;is fofiiuuepeitosO

the high values -likely to, be-,encouintered at high-',cs, i. e.. gieater than
5000 psf.

-. LARGE, PARA.CHUTE GEOMEtRY

The basic configuration of the Phase, III LP-7, LP--8, and LP-9 large
p~acute, ~ wel asthe Ps II LP-3, LP-4, and LP-5 items, is a

16-ft.D0 hemisflo ribbon,-type, wt10perent cxtended skirt and 14-7
- er~_nEe ieoni;fri nnrnsitv. The parachute profile -dimensions.-are- given
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SECTION 1HI -L ARPGEP4ArAC T ECLHtPr

inF~ur~ 5,and'the -ribbon a,'rrangexnrmt -and. dlimensions for a'typic;L
gore-with -the desireidporosity are fout~d-in-] gure'16 and Table, X1. -The

parchue 4menios wre eriedby'geonietic comp-utation., Layouts
and- Cclations, determiiidthe rib66ii-arrange~ment with the zdegired -po-
roitfy (PhasL- II-Thp9 rleference -),

5. ST-RUCTURALL LADS A.ND MAT~iIAL -SE LEC ' TION.

flrng.PhaseU i, al. structurta.elements of the large parachute were aiia -
lyzed fbr -an ppeningz shlock load Uf 200,000 lb. Hen~ce- material selections
and sgizes for LP-7, LP ;.8, and,-LP-9 r-ixained essenittally the. samre as-
fr IP; P4-and'LP,5 byctoling the reeing -within- this opeig

ro~ad limhit. Thia meant. that the -ip~i~ ieribbon patterns, skirt-
'band,- -andri!eefing l ine were-the, sambi CxciEpt as the- LP-8 and- IPR-9 reef-

i ng-lines tw~r-e miodifiied-follwn

Reeig Lines, -

Part of the reefing l1ine load- can-be det63rmined::from'the caoy Ometiy
ah rgload. The -rezfiainder of this- load-is a qsociated With abs orb -

i-ng teeirgy attained'diiri'lngco--peniiig.

' * It is reporte~di'Referen~o 214(Phlase I) -that, for a -200, 000-lb drag 1oad,
- the cokrespondin -geometric reefing -line li&ad s 5700 lb. However, it

is- alsio keportedd in-Refere'ncqe 2,~ -based ,on--the LP'-3tests1 that-.a reefingline strent cnierabl 1y greater -than 5700 -lb-strength- is requrdt
-*ithstand theb-drag ado-p-ni-ng T6o~ad~. -Ac6rdiftly, aftr -the, LPm test,

Ijthe re efing line -desigp was-modified, for -the L P-4,and.LiR-5 'tets, by
i ch4nii the, -reefig line-webb n. frmxrwo660004b, rated w-ebbigp go* IJbne" 6000 -lb- and; one, 1 2,.000 !lb rated; webbing7. [

- Ithis desigP:W4s 4so chosen f~r LP-7 becaUse ,the desigfn,.rag, load, re-
maied he'saze a f6 LP5.Nonthle -thd 'LP -r-eefii~g 1ine -failed.

Thierefore, -the LP-L8 and LP-,!9 reefing line design was modiffied to con-
-si§t, of two 11i 000'-lb rated-webbings. joined together'(9hbWn in.Figure, 1-7).
This desigw-was tested to 18i 85.0-lb-,,u timate -sLi Ztr-load, AS compared to
2 4,-OqO 'iOb, with failure occurring_ att 6 load Ois. 'The reefing 1afled o6n

-thi6 L P-9 tdst.~

tlhe' maximun -ree0f ig riing load, based, on a 24,_00-lb reefing line web-
'bing ,6trn t,s 4720 lb, -which is 1ess than-thie test value, of 6200-lb for
the'rdefing ring, aitachment, (Reference Zy)1

6. T-HEAMODYNiAMIC ANALYSIS,

The thermal analysis, of 'the Large parachutes -is detailed7 in the Phase II
report (Reference 2). Because this aiialysis included1 Mach- 3 operation
at-8000-fr altitude, no alte~ration-or expansion of the analysis was nec-

i ssary for Phase III. -No, iignificant, thermal effects were -predicted with
the-rnate-kialg chosen. Noaividence, of aerodynarhic hea.ting damage was

- oservedinpost-test examination of the large parachutes,.
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StECT16ION II - AltG P.9A bAHUTE VtECELERA-TOR

18 T

ATTCW'j fiN

0 4T

SE'icure 15- - Sixteen4-oot -D Hemxsi.flbo-Prfile Dimensions.

11107

430. TYPI-CAL 2i

SPACES'ISPACES 21

- 0.46 TY'PICAL20SCS

(ACES; TROUGH 20 ONLY)F

VENT WE OJ4

'A V~!ICL.TAES SUSPENSIOUJ ALL RWOBONS (40) 41
9/6 WIDE I WIE WIDE

NOTE. DIMENSIONS ARE IN INHHS.

Figure 16 -Ribbon Arrangement for- Typical Gore
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PSECtTIN Ifl - LARGE TbARACHUTE DECELERAATOR-

ic Aibn -

87 -6-- 3-6,p - -.

1 .10-95 f3.87 2.46Z

2 I 42 .- 88..'00, .2,75 2 .5.-353~ 10-.43-
3 c ~8 :0.-0 -. 67. 5i -340.30 A10.6

4' 18.34 ,14-7 3.8 5 9.9,4 34&.4Z 108

-5 20.37'1 1332 4.14 26, j7.7 365 10. 99'i~
6 - 2.28 146.0 4.8 Z-74.0 5640; 11. 14-[.

7- 5.74 - 160-47- .0 1' 8 77.2 160.65 11.217

8 28.20 j17-4.465- S.45. 29: 79. 66 36I-0 113I _2 A 569
30b,' 67 187.50 5. 86 30 j8.'-369 11.47-

10 33.1 zoQ.42z 6 .u 28, 318.2 36.8 1 4

11 35.60, 213 A2 -6. 68- 9 ~ 6.95 3-71. 1-3 11

12' 38.07 226.34-- 7.07 3-3 89, 58 372.5 116

7 13' 4 6 5 238.78 7.6 491 .81 372- 73 11; 65

14 43.00U 250.718 7--&4, 35- 94.24 372.-62 11. 6 4
1,5, 45.46 %!-410 8.16 ' 69.7 3184 11, 6At

603 282 .4 O 8.8 1 3860.4 384 L5j7 0', 292

20 310 .67l 9.713- -1 tp V08.8 3 08.8 411.21

1 319.3 9.982 42' -106.4

2inner 4j 111-.07 3,58-.685 11.1

* ' 42

--. L...Outer~ 111. 07 33:3. 4F.,_

~Canopy gore-shaping. coordinates.
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SECTION -4l- - LARG-E PAR-ACHOMTt D1MATQ

!-L-T.I --

-A-~

'4 F - OH - RO S:- CHj -_

F,.

4-* 5I1EN3 M S T.1SiH 1 AEb

MAE-1L 'S -, AND' JON -~ 31 3T-

rkhot lu a Ad- - s.6 -~ inaA

c~rdan1. LAYOUTei--Sp.GtOER onXS T. 4 91'~ERSN. hds -eut

2. ~ ~ F cifiARK' GOR ;NERALdO Oc PIE

Figure 127o -tetn LP-8 ad~d RPefeeigLier-srut-

7. MAT~R eA t SEAM AND-ii JOINT deSndrNing

Fori Phase II, th byaimtial, strengthad the jint ed' seamifab-
ricaiors ueidsign aii coanstrucion wesre dtrfndbes inude

cordace wth Fedral pecifc~.t.n uctTin. TExamiolreulin
fr0 de3 omn t8sin are dcente depomn in ~ di se thedeindang(efr

]ots changp bp tes in EIample

following Item,' of this *sction).Lop et of the reefing line,, fabri-
catbd ofrtwo- MILT-W-r4088'Type XXIII webbings, develoed an ultimate loo d
of 37, 706"lb against- isl materiai rated strength of, 48, 000 lb.

8. 'DESIGN AND-;FABR3AICATION

a., Generat

T he Pha; e III large parachutes retained.,most- of the construction details
of the Phase II pa rachutes, (Reference 2).This continuity was possible
because-the original parachute'.was designe4,for operation at Mach 340
and 10, O00-pqf dynamic pressure, the -most severe conditions to be eni
countered during Phase III.. However, some structural changes were-in-
corporated as a result- of, the Phase II testing. These included- improving
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vL16 R-Ai~i -E -Lt

:the, vertica1 -to-4kirt- ba, nd attathmenits and using adAitionai ;sewing to
attachthe t-tifl6r sleeqve to!ess~so n nrtecanopy.

Apr r4m _these-Atridctdral 16gs c-o as de ospecific line and-
caoyaieasi t-d d~ta neprtt and- coixelation ~vith-,ost-test in-

sctions, (s-ee Figw 8. &-

t -froue Paa1uea~ Dpomn'Bag

obr the LP-7'et the Pilbt pr -dirog'tij chute size wh re'duced-lfrm 48, to
30,in D -to- bontro the rgfre th- LP-and LP;'- t stg ra

lfoce -was 't ntrolled bYlu~irther *ee:fing of,, the Orpue. A dditionaL infor -
maton-~d u~p~tig clcuatins re ive inAppendik IL. _Sinve.he

diogu& paradiuite was in -excil~rnt dondition- after the'tests~ no changps
-werb inc.O." iu rftwthe droie &es4

Du4ring -the 4P- tlest, 4ornei daziige .occpdrted to the.dep~opAmfnt bkagof

th~rgeprv:hfifi. llent6, for the LP!--andLP-9 tb- tedoo
ihent bdg ino ,dimfiad:b by icorpbrat'~ additio'n-al ,s~i-g. the-4.tely

was~ sewin betwen th
longitudinal wdbbing and -the rear _1ate aL hcop~

_The7 1-P-9 te-sts indicated the ,diogue~ 'd drogue bag were suitable for the
test- conditiiof a 2.T7and 55pfdnmi rsue

srPE~OF CANOPY

6 IN-
'L4E\ LINE, I LINE 2 ./

F~T

PAINT-APPLICATIONS,

1. INIEO IHN1
I. INID P -,C 166IN

2. OUTSIDE OF RI'9BON 34

3. 6ORE I

A. INSIDE. APEX TO RIBB3ON 34

S. OUVSIDE. RIBBON 34 TO SKIRT EDGE -

4. IJNES $AND 24 AT LOCATIONS SHOWN3

Flgure 18 Large Parachute Marking Pattern
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£TON~ ill - LARgt PAO C JZE DVP~

4,1stjtem- PaicuM krret

'Tte P-± s Iowejitbe test iteml -1*iet1a to Wb-ob~e
m*epgthenea tw -Wi4 -14ai 44e 10ad- geexad -by The , *creAS~ed ine=,

t presgure in4he Uag v3ed the JuOpzee-&re.- amim

wardb -xU~inng ~O~Sthis Allowied thsy ba~ ajes-to4ol4 ~ba4 a-z

axo6ss the lines 4tl ovied Tiie reax -partin ,qf The lies appqaiedtoI
have dejpi~yed4 ma less or~ely md;)inex 'hanmt1e forwand 'pox-tion. Rs;-
Akight hspgctioq - wj tha te aijialbf Te ag ehind the io,9C)ug,

lop,~a pi ogtudipally A"cw'ng, iaPoliop of the tcanppy to -Ibe p re-
'Xnaturely -ex*pdsed. ,e~ thie pw hagjlo Rs.holding the lop-cing loop was

J isPAi 4 the Pnyloil susIj5 i0x3. ljOxe- xey~ealed sdxbe vzf
damfag-e, tacb As- Qiaf causp-d bY z~yloA nubbing across,,nylon at-high ]ped
iand tywdek lipavy jo Diix4ge ffpii rubbhg &,wajs also'eyident rTe

inle ~ Th~e inlet 1adi ac0irin , .09P-lb, #yon -Fwe~b mxa4pe
o~4 wi~,mice tP £ozrr heJ~d jkixt W4adoc oixite~o~

UWa'74~Te, -,qtsMe --(ocket~n)wra a -ubed thzpugh' behin -One

bekoc~ured :And two cbanopy Zgpre rips -resnled a~n bxks pped,
at -tefitTno~e ibbont on t e ve invld Only -w, b~bon,

~Othey camiopy 4aipage waso Asociated with th: .feefing r1#gs, and with e
hbujtterfJ~y TIntformet. -Ot igwstr osand hesewin'g*as

~ul ,dj 6t ohr rigsaid? n oi~ i o te-butterfles, Thenreef in~g lie
4va -cu in~e _plac adtoeii -in r..
'Tbe t&t ,usp~ns- iolti6ineI

i~em-eplornii iie, t~ de i$r, An~d
xeigline steghwi~mdfe ~the basis of post-test-hnspectioni

afllit data4fj,-7, Te ba;g deAigq chdnges.*e. , niade o ipove
its zfrebg~h and -proVide- increasiLs4 protection tb~h lines. 4nd wovd

L~ .hapzing the Dln a aeilfo ~I~~71
"Typ IIloth, 72 o/qy(325 Jby 271 1bi4t
5ie.xn anid $tern RaOtern. 2823, 20,. o z/sj -yd (12100

2, Adding&jamjvje,rior cottqn lining o the bag to coy qr V
the nyJOA. bag cloth, Jongitudli -webs, initer ior fl~ap,

retanin lp n loJn l Opp f lap,.j

3, A~iding'Tfjbb cloth to cover the ba,& locJ~i~g loopsb
- and anoy locking loop,.
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5, UMing Ph9nebeth-oqr!Oz ed !ip iz~tead4 -qsevera
stiiig -loop' t z vsri ta ag t pning

(tile I 0A11ow2: -the 3bag -to aain.~
rib)tek cuinsuti lac~g).

_aclloii=Kfi4ed These p;s-w pmct xoreop

T,~c~ig ~ Lo4 e swpnsion lineo -on the,
caniopy sice Rf4he.ld*c 9-0u,

2, Z. ncrefsibp 4je uPeasipn line tile -,stengths _*j0h the Ist- gs tzsna t the canopy. rFete t e~
yalues, haoase n.sfat~c #uill testso -W -ere (a45bb-lblie

material ~ 0 _TI ~P9ype Yj /l.6 -in),fitir
pf linejs 4aeare,t the, cofune pon) XPb)Ol

i~atexiaL lt-X-50O318;Type YV, lZ14scn
third of 14ej jq) 7Qj. ~~ral~~-

Or~her 4esg chan~ges3 included (1) incr.Oasing the 1 f theof "Adn

sl-_evdye around the ssenlsion jines to -5 A; and,~)rWv~ the r-eefipg,
-4ne c,~tte-s. to -allw tnga perrnxnebt rekiing line of ±wq Thi Bneses of,

di"the LP-.8 and J'.P-;'9 tst 1
unit-S, cihe LP.teqrgiijs wer nutch less seve e- thn a cipated-T
free 'Table IXJ, ;m4~ no;~ esultd to the deploynt nye * ) thef6estiteiii. 11iider the t-- 4esi kditioTi, Wjhi~cb w the mpgst 5_1y'exbf Ple~m~~ ~eThe IX), 4 elynn sse ihto the lss

lines ~ .ge iioeve~ insectibn bf -the, tested- item anpwhith mindinmrn d~hu . i.mWT ,;O cnp
And'ns indicated, reefipg 14 filure, major cano,,ydanxage,, anA: cx-

A-Aied n tfies:e O -zrat,.s it is concluaed thtreeingjpp line mpre -

rnnt ~ aJ~vatonf eeig oasrexqied for he g iger dynanxic
ppe sures. 'The suopension line djimagp a ,4 failure at low-load yalues
indicatos that 'more pr-oler-tion or dii~ent4suspgaslon liae mnaterials a-re I
pkju#yd, The tefloni sigivis 4nd new deploympent *bag a'pea t hVe re
Aticed local line'dame asoiates with- the lines rubbing, o~a the bag or

lcInZ lop ,durlxng dOeployment. The line 4amage my be associated
wfvjh tbe. nylon line Tubbing - aiqnst -each Other during deploymeit. ,Tf
this i-strue, i may be nece ssBzy to gse.6leevet for the total leng hof
the lines oe to-clftanjge th~e bus P .npion line, Xnterial. 'xoma wt19ht Andz
COi)t standpqint, a switch fxom nylon plus, tefJlon x leees, tp Noinex lines
mj ayeiniae.Noe apast ae the capability of withstan7dibg
_i6 high loading rates associzted with the test conditions, based on -the,
lbebavior. of itht Canopy vertic~ls and rib~bons;

9-. PPELOYMENT OYTIEM ATID PAiCKINtO PROCEDURE

The sstem stablsh ,.during Phase 1I for deploying9 the largepaaht
test itemns is described step-,by-step-!nin eeence 2, This systexnwas
continued. successfully' throughu ehs III,



-'Nz-

Ytha -,z~d f ~ -\b;J

om - L 7 
-etA~ 

t ~it

That~ ~~ ~k'X Thsxvs~pcdgProodiwe V. Ws atiQi the, par.4chute .tD 4eP3o
- The ~jec~ ti~'~ p~o~nen-bag ipdk-ate~l atficonIbetwenz the- susp w5j i a N Anoy b4 thet jiepoyi3ent liag-Was a

4 5
4N ARTA

tJ-rke ire iohz et eec ~c~ nlreprcue( 1 )dc

~si~o*~hZ._7) v~htn. e ijnft W.a-s xtefe tD lOW ip1e araati

ps in%-j M gave higher bhape rak;g to-efficiebts
lie- lngthe; wlre bas&4d on -he fuigt ts reuts, The ca'lculg gins fol.~-7, tP8,,~~aid3.~-9 re~~ngsi e e, based on etplati,- f h

As ~n besee fi~ .hefinl a~.ponts On Vigure, 11, gO'Od st-aiglIin~e'orr-elatiOni,*were Phtained ove the -Xanefteedeligies

'The -fxre lnn'inbet dereAsedd with -increasing flight machi um-
bexs zn 4yami pxesurs ~ee able XI), This trend -was not ob-served ji Phikse 11, Ihoweyiex,, te~iii tie o L--~n 1 -appear o~baV~i been ilengtheiue4 due- to i5 turns Of lin "Iwist compar&edto -6=alltwIst valebfOr LI-3 LP-74- ;

Bas Ced oni the s'alue ,bcgciatpd. fo r 'Pening 5bOck in T.Able, IX, the open-ing shock -values decreased- With isc~aig Mach nuhmber~ and. dynamicPrO-ssure, It, should be noted that -le larjgest qpenfig shock -value "Oc-curred at-tbe lowest Mach nuimber,, dynamic-pres suke) and reeeling siz.e

Beicause of the strong iffation chairacteristics of'the L P- nigrinfWhich reuted in failingthe-kee~ ine ofL-7 znd tP-9, an analyti-Cal approach was -unde*taken fhmt appears to botter estimate thie booploads than using the- geometrry afid tedrapg4,.orce (see Appendix I).,

Review of the fiee-flight filyns indidated'the L'; configuraion tajkes .aiiri geo etr~ a d- han es xe iiiien e-d to th ic nopy.-from a-perforkian-ce stAndpoint, Changes to xeduce the reefing line forcesB atthe bighe~t Mach numbers by usin~g sliciter suspension line~s, c!4anges, in
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SFU.1TI

'Y -. r no

effeaf; oxm ibe B Jn tbe' P-7 and LP9tdzts, peainig linefi-
ir~s velo~dei hecanopy -And 1 i!e we Afened BSn penusiOn!44~ hug~rops,.

Thisos~rze depit animpov~ 6e oyeatba~andtenlon, _S4eves that

1iWefalarie i'ncined eaigt~s~r an!nd oeibns-

~Basd ontji e esidzs mote- i~a~i ipld , ie~4twr

Tl~depment tead -pacpgp ocur

Tiz de loy entand~ ci ing p ;c-f'dre was sisfactory-basedo o film 641 xnspcto o~the 1 aj; we~qc , lie Jamaje V("ln on nyln n
hueI~eak~eoccurred bn. rost teok~ %,&, poc~re 'qas the saine As
preentd i hcferetce 2, _ith_ cl xge _ordice .j6,cajtine damage apd

oban -a §trai h Itl on the cutteTr Iduna (e tm9 ftiscio)

Th~ 0-near -perf ect conditio~n 4okjthc aewly deskgned~dea p~or bag, drpgue
paac-hate, Arid drogue _Oarachute deployment bag, after the J~jP-9 tes t in-dicate~~~~Ate tae "re iriid- to Mach Z~. -7 and a ~$-s yai

-- ~~~~ 11 - resue orthPsyse

MR 4

.....
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4?ypanwsz Devloyzble Decelerator Pr~c aia Prograin) was

__ t ~~i'stable pronacfo igtped.poMah5 a-4ic

Rfrcel pr--l#guzd Thrisg Wiia v iL - rn, Pa

1r srto-thie ADEP xndexfalking,j,1wiind-twrnel an4 f tests indi-
~te4~ta, truzncated 6=o6e-t pe p2r ctute--he prqm~ise at supersonic
6apedg andI' I±~w r'atis -of deceleratwr isazz _--yyoad siz e (Re ferences

ID and l§9 Wind-tqnneI tesi of ,small paracbute rjboelB indicate4 t4hat
rso~a'bl inf#tio and,-atfitudp stability oi12tnewth4h

sde an a oxos ase(orzoo ade ofwlon ~ich -is v~ fine-mnesh
x naterialt 49wever reekfli t iemac 4aai> fPerachgteg

w~e~e Jmiti~4-~ I Jetceof -tbte, linmipb
ture maa~~t f fn-ehiateriall WIlie JNorexrbosas

4 - ~were use~d-tp 6ostructporor ofwn-unl ~ss.a ihrM
i~ihibes ~hwedconide~~y ~gi~dedpi ce as coiared t a:

chtes xnae~f ln-"',4eo- roof-. In the light-of these consi~erations, opej of- the first efots under ADPPP was i- _eeo aof 'mac i i
t~eia3an.~asoia~d oatng fo te higher tem~ea~e linked-with lhe

IiTo Zenearate Ifhe _ba sic enigineering &ita, two? ccncurrent tasks were c Dn-
ducted. The-first, undeOrtaken as an in?-house program by AFFDL-RTD
personnel, proyvIded-full, scale wind-tuhinel data on past inmall para)hute
aesigns and on, a newyly geperated APP t s (Reference 10),, 'hese
parachutes, vhich had low- and high-iemperature roof mesh materials,I Were tested-in wind tuinnelo over past and rpontem Iaed test reglmes. The-

A zecond task, andert~e13n wider ADPP*PJ -was aiffed At (1) estabiisbing
I ~~~ree-4ight data on Past designs useing old and ewia ril;and (2) de-

velopping. analytical #nethodsfor designing small, superoiic parachutes,.

small- parachute to the~iee-stxeam Ma'ch-nuinbe?' and 'o manufactin

area approaching the critical fbr isentr~pic-flow, in a convergn idi-
let is required to ensure fiit pa-kachute InfJation. The ezit areA-was based

-on (J) the. open, percentie of the roof mesh (based~on ijaasurernants at
0_5 in. of water diffeientiaL pressure) and (2) the toof-niMezh area,.

49:



Two bAsic small Oara4tte 4ft !Po Cq -1Igurations wrixetizated dng

encs 2 an 20..The zscoml4 lknowAn ihitWIaY a opst n ae
- a ?AASOIC 'ws e~1vd s part of the ADDPEP effort,

~1~F~IO arahute, d.zigated SP-1 and SP-Z,v~ere obtained
~ 'u~dr4ki..'Te P- -test item ba a.erlon zqesji oof

ii6ex mesh roof asid -was, dUsigxzIeor a-imed fch..74 test 'The
;fpzmon dlesIgn of thes_.-"t;HIYPERFLO arcue badonteg-

eia gideins ~a~~ihedpror o heAE)PI? ef~t Y I)wind~tunne1

at Ma'ch 2', at 101,-200-f a Atitude, a t iD-fdy ic -prbesure (R -f-
'er~ce~1),'Thi flg'b-tesed ode hada 2 72ft-dameer a~ony ())

it unsed 35-peircent pozou Perlonx xesh lor her oe, andi a
total: xoanP pOXDsIty'2 perctent.;. DurIng. Ph-4,e J, the $SP-l and SP-Z
,units re, bir bt mislemailunctions pr#e#nte the. ucssu
Ojoynient.-

The PARASOIC piffizukation -was, evolved Irox" A JI) t#e itfjjated coordi-
j~ats ofa stle model wh.vile- under wind-tunneA tat iwthe 'von l2Tan

Gas' ~ ~ ~ ~ ~ ~ ~ ~ y )y PMcs faiiya rodE-gern ee~m Center (Ref-
erence 22; i;().1Ad'g derive by aalytiqa mthods. The'evolv, d

~oi~uatio~mostnearly met the slape xequirements of ah isoiensd
4B;gover the Mkach 2 to, 4 egimxe for the *redicted lhadin:gs, , Te 3meas-

flor -the ewvlsred ponfiuratio n-are ,giJven 6 t- gur 20 of -the Th-ase, A~ iejpoxt

bhree-small, parathutes., Ubised -on the PARASOINIC eni uykation and Ud(efe c 'wer -isg~dulgPae1 TeUeinated SP-3, SP-5, -*nd SP-7, e dsnedurgPaeLhe

coiistructed, of l~mex . "The major differences between S P-3 and, SP-7 lay
in- the ttenghf the stispension lines and in'ih -h porosity of the mesh roofs,
io hich *era toateod th correspond to the test Mach.~Dumber- requirements.

The -designtmethods5,, as- well as the a ctuail de-tignz, of all the Phiase I
small paraichute test lttris arei deszribed'in' the-final report- (Reference 3'),
the resuilts of irid..tunnel tests are giv'enii Referen'ces, 1-10 andA U,.

d. Phaie Mi.

Three n~ew PARASON'IC small, aTAchxtes, designated SP-3 SP-4, and
SP-!'.w~ere coristructed-during Phase M-. These -'wre identical in all
pr-incip4-geozmetric detAils to the basior PARASONIC design establiphed
during, Phase /L Such a continuity was possible 'because the maxhj~m
Mach 5.6 planed'lor the Phase MI test item, (SP-5) fell within ihe-geo-
metric caiPabilty of the paLrachute as originally designed. The configura-
tion is sIhoWn in Figure 19, and the details are listed Dn the follosming page:
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4 tad ae'wtiADy aTmina coharnetei i D aheb 4ftcodton

thtaeshuvi: istesIL caTop -with-meh profr atrdplynn

fl ar aoof ase11, amew, 4-ft Dsxi HYFR: L paa, -wa -bitha
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-TA$lTE XI :D-ESIRZT - ITSOFPARSOTI

PMVL~ARACHUTES

Aliudela (it) DbO0 99, -000- 121,0

Dpy-jan'iresre *pf 200- 274 2.01

.33,2--ho.6

Aey2bno' :nImlBois) 2.. 14 - 7,0 ''. 85

M- Bostt 4efixxtions con-,net 4 4ie

General h~y l hee P -NI'jar~u P a3 PA ASO II zaachu dS-er

~ieit ~emte.. fle i esr~ted the~ stbiiyofTeP7AS1I c

Ac er iiiily, xh The ARAOI aakue SP3 P>, aclide t6-

opex.Ate uplio The- con6iions of The $SP-5 tesl, 'The -test also:shrwed th.t U
-the iteinpiratures -preW.jted--by theofy -were comsiervstlve. Sigvriicant~~h~~ating~~~ 'oc.ieddrn eetyo P5. 1Moiion -victunes )Zdi cated that
,the parachutte imaintalne saifactojy, inflation -with s oine ,s ciilation in
Th e tran onic xege. arg Itce -were sBimilar to thozO -obtained in the

wd-tunmeli isingthe ,same-,sizeP ?AA$NI'C phteq at Ma chI 6to

(I) ?Af achute

iFikpres 21Aad.21B-show the cohstrwctiofa*poxnetrjes of -the md-iunnel
tesied PARASON)iC ,and;',HYP:ERYLb -parachuites, as -well ss hell -ocatidons

behind The iore'bdy.

The 4-It-diamete:r MY ERYO parachulte i.vaB constructed of :Noxnek.
-Qily the xoof panel'-was dcoated-w~ih'Dyma-Thexm', 'Te xnesh xobf -was



2. - - - - -

(A ALT -ME --X-

-- 7 .D

-. 7-

0
Sp-s

I 2W

2,0

-7.5 
__10_ -157 

-20 
5'~

- 253

'TIME ISEC)

/m



REP U.AkeOAD FAr.D.hdJ- ORkYN6 NUBE FERSMEM

7:GN ___ ___ __

1,01

PC

5 10 2 5

~Figure 2D) Calculated,?,aamt-te~s after De ployment lfox PARASONIC
'Paiachiutes SP-3, SPO A, -and.SP-:5
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SECTIOWT V! SMALL PARAC~1~ tlCE1EAO

constructed-of 0.25-in. webbing. The total porosity of, this paa t
was, 4pproxiniately 5. .C, p Oient, and 1ts Wit-tbo-e~it area ratior was; T70,

The .- it-dianeier PARASOmbL p4;-adhute- f.oi .the wind-tu4nnel-test was
constructed -of n;ylon-with ,a Pya--Therxn c~ainon the- canoy.T~ ~s
r-of -was construeted- 61 0;.25 -4n. -webbing The- bfla - p-orost fti a
chute vw'.s appromuatgly 5. Perctent,- And its inlet-tb -exit aroa rxtio was

e:9-

-The -parachutes- Wre depyed.-from a str-ut-rnouited centerbody, The
location -of th,! center-body ihi the wijnd tunnel is sJ-_own-in Figure 2ZZ Thit
parachutiqes *we-re qpacked in ilre aft end obf the centerbody on a spring-
loaded -plte. They were b) '& inside the center body and Agai~ist-the plt

b A taning straps th.At i_ r4leasedIyi a quib-fired release-pji-zeiha-,

rhe-parachute ri!ser wyaA- co.nnecied to, thle centerbodyb_'y a caibie with a
lobad cell in series. A zWiv, I was used- to -Prfee2t twisting, of the paia-

ch~ie s~pesio. lnes A hea -i dsie -to pro-ect: tha load c~ell was
psd o et 1eis -ine io -the ca-ble.

A5-001-lJb. capaLcity. doULIe-eliment loa=d c 0l11was used to -meas~ure the -

drg od of the decelgrators- to withini*71bJ for the rangg Of drag -bd.

- neas ure&-during these tests. A -direarL-ww~iting oscillograph ,was used to

AL ST. O GS -R:cAFr"- ST-ftA WUKIEOdNFC

Figure& ZZ Location ofiSmall Parachbute in Wind Tunnel
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SECMON IV SMAJL AJ ZA --~

Monitpr Jiie -decelerato~r drag loi4 durinigtesting. Ine otion -pictze_
cameras§ and tw o television caireras, ilfstalled in the test s,,ct -~ w llsj

Z'i ~wtre used to- dorcuffrient and!' morb~-h ~s

a. paachute Wb~s pace i ith ft end4f-he struvt-znotnted centerbordy-be-

-fozi the wInd-tux~neI test oporation was ifitlak-di Once -test conditions
I -were astablishdd, the. decelJeratbr was ejected from, the cehterbody into4 the ai; tream. Motionjpicifires, drag data, and dynamic Arestire dat

Were obtained dUrnganf after &each dleployment. 'Whea'tl .edeceleratorj deloyents~qencvasofnvleted, -d st&ystate-drag, load -was eal,4x-
Jaedbyaeragin ~p a~g otu in1fom-the stra in. gage load: cell
over.oe -secan&ifitervat

I-The pata~c stek were deployed, 6L a-d -,ioiiinal.Mach, num1bej and free-stream
dyinaxnc prsu~o . and 1IZpsf, xespectiivey. After deployrment,
a~ &ditional-4&ta-viere-obtain--ed -a't- Mtac ri i of 2. 9.and aO.- The cen-
texbody was-maintained At -zrd angeeof atta ck and yaw for the entire test-,

DePlIo-yin-ent anpdiflatimn diti weie -obtained fromv the PARASONIC para-
chuite but -no niom te HflPERftJo; whichJfailed-to, sepa rate completely
frm -4edejoyni !ht bekg. Asfa ~romth H ~ Odeployment -bag
.htircledthe riz~er lines dur3#g, deoyiet -thus causiiff,!he .paxracbute_

t6 bco~e p~tiaW meedSteaidy-state data were obtained-for 'both de-,
eeatoirs at Map2.8adlOp~ res~ez yai ressure. Ad-

--I ditidnAl aaIeotindaMc . and 3.0. Table XIV summarizes

- - thettest results.-

IThe P4ASONLC b tov _jP~yne nt imhe histe-is shown-in-.7--igure 2-3A. The
sha-tch and- opening -shdck forces of this configuration- were-'930' and 650 lb,

(-A z~espbectively.-.vu

Th rgc6efficie ti% for the par-achute c-Oifigurations are given iin Table
XCIV.-_ The effect of Mach inumbd'r dn parachute drag'&coefficient is shown
in Figure- 23B. lIn the test range, the PARASONIC drag, coefficdent showed

litle dectrease wvith increasing acnu ber, scbmpared with the de-
crease in -the EYPERF'LO-drag coeficient. The- drag coefficient of the
14IY PERjFj, was 1rorfi 45 to 50,percenit'higherta th AR OIC,

I''Photo'graphic coverage, 6btained by motion-picture cameras permitted, the
-'deterixi-natioribf decelerator inflation, and taitycharacteristics. The

PAASN~prcht at~nd ul' anopy ififlationmapproxia4tely 0. 015
"ec -ftr full-linte extensioni. The fully-iinflate'd canopy* exhibited an oscil-

laton of app xmey,*7. 0. *4.:5, aind :8,. 0 deg at Ma-ch 2. 8, 2, 9, and
-3, 0, espectively, 'ThIs oscillation was in a plane that is perpendicular
to the dehter,#e, of, the centerbod4y. The frequency of oscillation-was
kreate~t--at'Mach -3. 0. The H4YPERFELO parachute, once inflated. ex-

-;-hibited& a-11-10-;-6 -oscilfatiofi at Mach 2. 8.-

-' - 5 '
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23 jYPEFL and PARSOIC*W WndTunnel'Test Re.sults

AlIthdiu-h ithe JiYPERFLO paahute ha/4 ao hger drag -coefficient than the
?A~ASOIC, th itt r -fs~letdorflight tsts bei ause:aof' tssuer7- iot- stdbility.B t ree-Fligkht Tests

I -i SP-3, Parachute

The 8P-3 PA RA99MIC parachute, *as the -first to beiight-tosted. to, Abtain ternperature-time iecbrds of te P3cnp ui~~lgt hro
couples Were located in the, posjitios -shown in Figr 2.Alth iht-
tested'small pazachutes were6 equippe inei ninr.

The'teast vehicle (C as Ra~deib an nest John-tNike' 141.-N3 bbotercomhbination. At 32, s ec after fauch, the three radars lost The vehicle in,fRight and, could notpick- it up agi.Agod signAi frmteelnty
was ir;eceived throughout the igh uni mat n htteodolite
tracked the vehicle ,for 160, sec anid~nother for about 90sc "&t is'and~~Q scnstgboser s eparations, were normdnab Without radar, track-;ing, the vehicle lipact -point cou'ldnot be -established. N'either the ,searchair-craft nor the, re cove rykdbat iocafid the6 veihi'cle.

Azimnuth' ,eadings Were obtainedtlfror Sites B4A, D-3,adAl4.Asc
on~aii- -aft an& the recovery boat made ~ahother svearch at 14.30,i but the

-' vehicle Wasfnot located.
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-CAT

O s -thej.6A,.22. 
-

TableI h.o acd

eeittimes, as viell as the rafige
- 9 , - tinm s. lidicated the ata,21

-s c-talflighttiie was shortei tha th 417, -sec priedicted time.' Allevnt flctondasprgaxm~.The shiorter flig~t time was due-mostly I

Ti~ tatic pr~ssue readfng at~deployrnenit inidicatied ani altitude of approxi-mately 78, 800 -ft at3 4. Tsed. The radar plots at 32 sedwhere rad~r lostthed vehicle) iftidc tted that the altitude wai aprximrately 74, 000 ft.

The sh6ck anx7diaa cii{iinels drqqjpeid to zero load, values 0. 175 -sic after
thetet Jen c'na f~r6jetifi wa initatd. Of- cap peak load values

the iniaig enk~ staingage circuits. bandfrmts

couples showed the tenpertr rie tobengiblaspdct.Frt
order interpketation-of the traicki-fg dAta, Which czonsidered the accelera-rtioni of gravity, the dynamic pressudre (q) ch4 ge, an&r a constant drag,@XeA (CIDA) , indicated ia pajrachute drag -coefflcient (CD ) of-Q0.22 to 0-25.
Figure -25-shoWs A plot of 'sabl SP- data fomi available -telemetry over-A-
the opening inte5rval Lbad- values-were c.alc.ulated from ~recor-ded acceler-
ometer data. -
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~1OI I -SMAL 'ARACHPTZ D.EC 9RAO

irEIL IXVT SL-T EVET TM

'Time after

Jtvent -Actualed

LaxkiV 00 1-6:56:59; 60

Fijist st~g&.buraout 4.-8 4.73 165703

secnd tagg~xiox - 6216,40- 16:57t:16.00-

Seon ~ae uriot19;.5, 19,6 16 5 7:19. 20
'Secbnd stageparto ' 2. 22,20 -16'.51:21.896

Desinon-,27.6 27.70 -16:57:27Z 30

Despiff ] . .. 29.40 1:7:90

Sbleniibds: open. 33;,4 33 . 70, l6:57;33. 30

Test itii deploy. 34,4 34,70' 16-i57:34. 3

-Pqst-test' cali'brite 64.-4- 64. 40, 16:519:04,. 00

Pbst,-esf calibrate off 67.'4 68,00 16:58:07. 60

eolinoids cilosetd 75I76,-40 1600
SeParation nut 270 0 25b. 70 1-7:01 16.3D

*ecover aclut.jcin20 ~ 2 1 1i0116.710:
noe separAtion 271. 17- 1i V.60

t~# ndmsso 417.., 2 84.0 1.7:01:43.70

Z:$P4Parachute I_____ _____

For te8P4flight- test, 'test Vehicle C was laui:hedlby an.Honest John-
NikeTNike (FU,-NI boster omnbination. At liftoff-the first and secohd
Otagos'both ignited. The second stage quickly separated from the, first

10 q~sage. "The, Vehicle Was t ,hen .bo osted at the -proper time-by .the third stage
Nike, akid reached a tiist'point- of Mach 1. 60 atnd'a 328-psf dynamic pres-
sure,

Exkcept, for a premature ignition of the,6second, stage, all flight events oc
curred as planned, As a re sult of-the premature firig, the test decelerL
ator was deployedat a timie of higher dynamic pressure- and a lower Mach
numberk than planned. The Aynanii pressure bas deon. the -phoiotheodolit,,
data wvas 328 psf versus the 274 Osf planned. ThjB Mach numfiber' Was 1. 6.

-vru te4plind Th S -est parachute remxained aache to thd
vehicle frm~et~eof deploymenit, T + 32.177 sec, to T + 217, 58. sec,
at whch- time the parachute was ieleased and, recovery was initiated.

The, ti.1emetry yielded useful data. The 70-kr (shock) and the 46-kc (diag)
charn~is showed good agreement. Peak shock loads were in excess of
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$ECT!9I~~~~W SMAIC LA ACU7EVcEOR -

* ZD0~T onthe ra~~i~1& he 302 c (cexrtio) -h-snneIl #n~iore
.1 boste-Thustig zd gave. t saisfact-ory indication of inifial Aceieration

lby th ett -PaLr9hnte.

£ne ibf:-Ve ;f-7~ the'r nV oc'sl~ n~ :-esracite sIiiwed -a!-, .peii cir-
cuitduring -the -Y;e rfical openational iiTg -thelc *One thezoouple-fAiled
41urg $e~st paracltlte deploxen. 6Lether-1hree tl rnoz uplesb coin.-

tirie~ toopra~e .uri~g11~ht nt'bTe test 13arzachwt -was zreleased.
:The mnaxixnnnf texhper~ture m~easire'd by the Thriculs-a 103 E *

:frorn the time -of parAchute deI5lvy-z&ent~onward. T-he 22-Icc eihanne6lx re-

As ~ atdi~17a1IeXJ, heie~ra centgeexnentbetween the

:SP ,,p 4dcti d-and ctual -even timies. RKecovery ~eVent. initi-ated-by bar

R. 6 ag time
Pxediitied A ctual. (4=- -nsec).

LbAucb 0.00 12 30--00,x11

~Filibi .stge burnout *-~

Sb conldt igi~ItI611 1.0,6 10 , 23.O

;5econd stajge -b urxfot . 33-7 .$ ,3~ 3. 6

ifrAd stage ignition 1,) .5..9 23~6O

Third--tg prion2A2. 3O2T?
ge-,bi ..ut 19..2: J135 I2 3q 945

Telemfetry pretest 9callb~iate 25.. D0 24,,3 12,30-2,4,.46

Di .splx onf. -. 5 l2-.30--.43

Solenoids open 32. 0 31 19, l33. 03

Test iteirdeploy 33.0 32.17 32:30 -32. 88

l oftftesf telem.tetry calibiai~e 6O0 --

7"Fost-test ',elg ety a rae, 60. *.

S olenolds clb-scd- 70.. 0 69-89 -5Jl 00

SepAr atioin ndt fir ed 3Z.0.. 217. 58 12-,33:37. 69

P~ecovery-,pa-kachte ejected. 32.0.5 21& 1, 23332

-Nose probe .separation MZL5 Zl8. 97 12-.33-3 9 .0 08

Recovery parachute inflated 250.. -8 12-,34,10.-91

End-of transmirzlon 460D. 0 '1 259.U7 12 3 419, 89'
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SETM7 - -MM RCIV DCJ.R" _'

'716~h tes -YA'ltT :A1b1h T.1eRA'T flR

-dit znonitOzrd the testO ±a iixee~hvo. A 'eamc -was conductedlor
The-Ptest poaieracbdhutezay lwit -9- eeaetnsbetib~

nTShe enoete _ba&Jaz ie ~Atadlied lox tunderwater loca -on. 'The-2'
-~ ~ ~ ~ ~~: pgrwi-er isg h ad-eld, 5onioard Iiten3g de4e 'Tle r-

chbute wAs- IfscoyereAd 3/4 lilofsix n 5f atr bt At :Could Mot Ibe
xetree., A :setcciAd sear. -4s ondulcted -gaeL# -ihou zbx~dcss :Byfs
twis ie, 4mtbgeTri ~b~eypwr lad .expre. l~dezae uie

ha pxo b'~l~oved thle-pajhm eto aiiukownpsto.

nF'.~ C" ihows -mthediatedod61iadtlmtydfaoP4pro

e ~ .ne~uw adim iaey i'lng e'ployment.

:-- -'6 -S--~ ,(3 SP-, _'e~xzchiiC-,a 1im6 1biite&4:,0

Nik-LaceA~HN-i&j boste ~oxibint~n..iMftoffnwasv ,eyetabqg_ The
Lecond and Thrztagkestflired peciz ely as p:rormmed. 'The tet int

attained ~ ~ ~ ~ ; 'was apr1mtl M~h5 ~~22, 100D4t altitudeq, ~-y y_4ose
-toth pedite tst:pox~t'ofMac'h 59 a ~,:D~~

TA i,'rA dar, I a e ra wiFas. ±poex d-off'dimectionat 38, secafter laumdh
'by S ites A-.2D and D-3.. 'kntrd at £i-a-Z ~ntne mtil albout 300

sec aftr laund, mwhen the tra~ Aw. 'lost. ttill's time, The Ve#icle v.mas
5deiscending, an.d the 1.a1~tud&-wis 48-6,'0 0 lLt

' T~h test 4ehin- wa o ~~~d mat -'as ,75 axni dpwnx zmnge in-

jproJected init aaea. lbr 3 h :atrLauna'h T1e, -2 rcra ftj,4ireeted frora
_ Uo-aW ~

-'Te SP-5 dejploymntg, slioc R, nd tdiag L 6Ms .weze-xecomded 'by elemeti!-Y.
Parachute -thermoculsyoie ph-iuus~edn4tlxer

-roughitotap~bd; urig zr-enti theranocouple tern-
peraturevalueshedied8247. '-iWi h l-.wa s ;ban d-limitelo etleey

Asinicte~b a~~hXVItere -wa. -geizerally ogoodaireerment ibetween
the-SR-3 actual &eyent tim-es .arnd -the predictied tfmes..;

-' point and The bonus zei-,ent±ryx~onditiofi. 'The SP-5 tepst Oar achte did not
survive The ,-total ih therma l and 2,Ioadimqg envi-nonment tof Tfhe e-entry
traje ctory4 Bowever,, the prcieddbUidm tu s~iicaht #@ag cduring
re-,entry:, zhowing-th-at ,SP-5 hd og- t erma c@bility to -,ithsanda
Jigbh-f ,ger ;,re tenvrwnient.

71gure 27 shows'the SP-5 plots 5of .phtotheodolite and-telemetry idata at
gtha immediately lohlbwingxl ~dpo nt and 4uringe, # e-,ent~ 'hase. 1
though films of 'SP-5 'werem:ot x,6covered, the pai~adhuteoperaionwas
iconeidexedm~ormal. This-i6 vhwiipibased 4on the, loa tr~ies, -wlikh -were
very 'siilar in shape to t' -hose -r~e 'rded ior the ;same zsize and yec-o
-pies~during Windr-tunnel ti!stng±o Machi3..
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UuchIs~j

t-bn -sp -igito 
-. 30

third sitage igr on Z,~ Z.69 15:
Thiid stage -Ibrhwuft - 33 3J45 W5T33,5E
Thid s-4ke se aatitcn f3. 3. 1:7

f ~Telemetery pgfetest ca~irave -37.11 36. 031 Z5:95

-eSD~ jn-37 :35.83 12-1:79.34Sold~~~noids ~~ xii;~weaI i A.O3
__Posites t e -.~ t4~ f 4M

'birmetric. switcbes closeA 0.4I 30:73

Sep13ratigh~nut fired 44 1lkO0347..45
R,&covery-para.chu;e *jacted. -30:4§1 Nose pwbe& sepaatio#n -- I . 05. o3Y -03:48. 83

-c Recovery parachute ifffla . -

4' 4 itatqd 6dily; -seiiirated lt:41.327 bt--

+ 11t,t

tt ortfk; -jr-s eparatiou
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S E C 7-1 N. ri r - -A -9 k!ARA-MTDC -L1 0P

-a. Ge=er-a

As it= ted ePi-1se li ngL~ sz te 5=a"' Pa te AcomN!C cffon-

5 _ - a S?-5) !eveloPped ano -te-rd in
Phase 1~~ ). Rer-iew'ed inlv* apgaysis _rett me- shapes, thzri e

#omaO mis-te2d,- f gi ~n t ime efealilitye, epesudsi-

co. Ar.= thcdra tit

Ttm he cqz SASOMt; ,)-vch!Ele sa
- -n-c=jc- ikm h AA rebimti i iislhed in]FS ase Ii is stable

stebiftt C-eai tic
-6f :!Ce -Sme-M~ SaaIt L& oa tace 2tyk
da ta cgl Lr-I tghz tesis. T he SF--5 -laa 6. _ taeiv& £rC'e fA d omtioz:s

t~~e, Sapercen2 frtc, ie xnean *lte- 2 fter the di:-,-e ims, inflated;
this rorzrespazds to earlier wind-te dAna i'oh'ing a fhttly-Lnfla, d.
seahie skzapa o~r si3ia ar_,ies a!t ~facb2. 3_at 0~. Eilo~s off SIP-4

lfeast4d lamira! si?.biliti-A~ -3 6ekg~ At km~ch 1. 4..T~ it appeirs ,th4
the t4eory ha i2ie re o1htsthtaw zza factors.- inflation
slahiliayfbased tfz_ te 1 6 t=aEes and IEW ted im-era, -ovect=,q,

lfetb~ods estabehed in Ppase L were wqed-to calemlate te zues o E
prssuzeqaciiij "the- ca np^mT, These iiithbds are based on-lree-stremn I

q"Mio-s Tlie type 4of pres qri ffpi5 aJt~-Mmd~np~ diAs.

(Pral sh*'qjor qq in; i rnilwflv;i&ao hc

Y io ran -a ratio off'1 ee pafi jk The inieral pressare coeffi-"
cit-&sare relatti to.&he insidi cznopy *M='A' e and consider theloa

pressure afev !he baw-shoc:- anA the-lqcal velocitiet. The external hAse
- - izd skrf pressure iwefficienft are deivie~ fron -free-stram con&itons

ata areha;sed-on keeeice.ZC4, atnd References I ;amid 25,, resveciiVey
The vaus eksauiunir avr. 'presem'4ed,i igizres-29A amid 218.
The 'b'peofteSli rsu eEificient 1.5 c; CN't!e using:

-,~pbg,- -resra 4- -tin

ahead odf-vehice

- 2 69
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SECTION,XV -- SMALL IPJACE1DCAEAO

I d- 0-0

'p
0

, -0 7 -

'0 MA CH NU913ER

(B) BASE -

-l7 7

UUc

jo~. - - -04 -14AIMUM NEGAI~VF'_____ ___

-~~~~ J~~~ZEREO XOSOLUTF)______ _____

- ~MACH NJ4S ER -,-

F Igute.29 Prdce -I~xternial Pressure Coefficients
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SECTIOW IV - SMA'L P iACHUT8 DEGCEL;ERATOR -

c chora<

a/b ;,0~l5 ba4sed oiigeometry -

coik aangle -of attAck = 5 -deg. 0. 0 74xad

The: negative value of the, externaL ba~ prue cqefficient is limhite-d by
the ~ ~ ~ -lcltaipesuebng -zefb absolute intAhe ,eqtio:

'P - P
-CI

6.7,k : V-

-; ii-

-~ - -16Y
ai7ild2 4t, CP.e

Where P1  aibe t' taic fsre. -These Values Ard presend -for
rfnce in F igure -29, along, with-..5 n 0 d0of the: Maximnum nega

five v~Alte. Thid 0. 6 vwiues (C- -0. 98,44, 2) cojrk,"spond closely --with
the i -%& unile ditao olt 6,e over the ba.ae o~solid. BALLtT -models
whe-.re tlie Prosito s -zerb {W(eferjende 1, p' 144). Be cause increased po-

4 ro'sity siiuld icease. ih& Vralues otteaoute pressudres at the base,
th value 'orepnd t~ a -solid base _( 65o teaam egiv

preisuie coeffici~fitj jhbuld-bq a ixealistic negative Witi.

t)e6 ef fedts -df ajrea-to -area. atzn condition ratio (Ai/A:) -OIL
th!bsepssliirdvluds, _IV-resjr KAtiQ values- availabl an iteL -

qali 2reidq6,r1d t fil f nsiihe throat to the surf'ace J ea- ritust

be defedimIined. The- t9ai-xies -;to-inlet arei. ratics vary between 0.88
and-1. 24 dependinig qn the ,typo -and#4 srct of'the parathute. Wit

a A- 7,exoansortosi h-neha psblin.&,15o
S8.7. Th-eco'rresp- -din ipress u-re atos re~quired to follow the expan
sian ratios are -67 to- 111 tlimes -ba ; pressure,. The ratQ of th,- total
pressuree 4ter the shbck to-thi ambiefdnt pzresure varies-1-roni 8. 5 to 40

4r-eatest pr~ssure rios r vial ~u the solid bsepsur
coresonin tth0.5 of the xiiaxiniuw- negative Gp - whc i s equiva-

lent to03!fabetpe~r.Tepssure ratiosr~o -3-fahie vary fr 24 to
11 4 hus, cbiniparing, thes &valu~es wih. 7 to, 14 times the base prest-
sir based 6n -geometry, it a~pears ,tha~i an over-expan-fded nozbzle is ,pro -
vided-- or h o Mac numer nd deedn nteparachute cbnfigu
riti~ih, 'the coriect expantsion ratio to. a- slightly unldet.-exparcded -nozzle
is. 4 p&ded for- the -iighebtMac- ,nurnbe~ -

0 ~Withan vrepneho~e tbho lwwill sepaLra"te and have ai exit
s4tatic pressure approaching base pesr.themxmmpesr ai

-a vailable.(Mach 5.-6) appliebdto--minimum area-ratio -presiur6 katio~ife-
quifemienfls (i. e.-, 1'14/67) ili rest iii fa je-t sttcpressure- of approxi-
4iiately twifc l Pfor a solid or'd .76 of, ambient 1pres s ur! ' At low Mach
niuniber., the jet area will be smnall compauredf'o the total base area

;;72
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'4Czlow IVK -vAJ PIL~qUZ DECELERATOR-

because of sepAra6:' ati~e maxdium Mach nimber, _the jet-area will I
mpjproadih the total mnesh. area. At-loW Maifh number~i the average base

pressre sOid alyprpoacli-tjie oprous va E~u ais of the sknall jet
areas, 4ind tliy shG Ul apprD gch twice thie solia- basg pressure or Ov.7

- - these data ae not directly thma~ bl -rt the inmu rof eshe pias,

sure co29. li -AZ; nZ3 ffeaxmmteaer~~

coefiressa!!Aachs5.ibTition aalis ere ag a is fox cakul.raatiddls
da-gtUre3 s3o- a5gre rtdUoeffinc fi-0 6 d

theiisaa v er th-, -repf 6rteaai4' nrdidiint rfae rfns ca-e
!e VIII aunmiari cnk prs e to-e-sugesited rude cnoybae

on~ eplrtretcdiiiin, an;si ervs th s dagr oef ct asedl,-tibgjids.

tunnel data. The coniiti',s te;. otRon rowr of Table XVII res imble 1
c!6bel' he -coniitins of thd SP-5_test. Fro-m tlese values, the parachuite
forice waks cicilated -to, be -428 1b., T he corresvondig avrae force ifidi-
catioin frei~i pefiiance -~the SP- 5 test was ab6ut_ 300 lb. Fillin tin~
-*ere slow, ba sed on-the for& 6data as conrA dt-vrnune ato
sirma parachotes at Mach 2,.8 ARef erencei 23). ih q'excscw
that:S'P-5 r 3iei 65 e fr4 m Jife stretch to fSi copzmpletely,, as-ont'

The mr-asure.d 4~hrag cofficiets hased, bnnoininal, surfaPe area, wei -e:

0- -3S-3Z 0o 6 -a-!

or -4. B. 377 atMach Ii 4Z

37. For- SP-5-, TA 5 at Mad;. .2
-~ -- n~ae wih - - - S.

I -- Teseo te lpricfed-inominal ,surface-drag coefficients that
weebae on:ul-scale wind-tunnel tests, of '0. 242 a t IMacZ8 0. 32

at-Mach 1.42;1 and 0. 17 at"Mac 5. 3(FIgure 30). The test values. are
conideab~ lss than diwag values baped qzn predicted ressure-distribu-

- i6ns oVer the canopy (seTbXIIwhmCj. dc, mnt coisider the> loss in
-total pressu-e duqe t o-th4 %irkie o oeQ

e - PabsitKLe2abernexit ---

tl- -ar~ya -h SS -USA

Tli~~UC adoyaii-hory; discqussed thsfar, dep~ends heaviLy qn ~the valge
-- of -roof porogify. 'Tq,6stablish this~heory moknp re ilyj a Ihethod~wa5

ise fo deeriinn~ heparachte porosity by- Airflow tests. This method
-~~~1d det~.ildd lbelqw, :anid the test-situp shownn Figu~e3~

01- ,-C
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SECTIO S Lt.?ARACHUTZ DECELERATOR

the small, pazachute caROpy wis-
monunted on',the oulet drafdveg7-

produced, by -a- twvo!-horseP01r-
4 ~ ~ lgowejr. A, screen edveied-1heio -

across the duct,.throat, and,;an
znemoteri.-y as used. -to-mieasure
the niedn flc., tkiagh- the duct.
Ihs eeTrough. the roof --sh- and-
into the canopy- ixterior-Was. a total
prqssuire piobe-thatvris- coii4eted'
to -a& iniclined tube xnanomepter.

the,4uariity of a &rf:Iow was cal cw-
lated fromi the duct throat area and
thea dt throa.t-velocit. ThiE nara-_
chute inlet area -was- detemiln ed 'by,
measurement. 'Thbe pres~suraiP
drop-ac-ross the.mesh-(totzi pre-s-
sure -inside less 'total izkesstire
amnbient) was uto d'etermine the
ine~h orifice yeiot 06 myieani

of &he relatioiiq]p -4P =IZV

&wh 6-ep dehsiy).j roith
khon~fowquantify and-,velodity F1*ure 31 Air-- T1o*Ts euthkoughr-the oirifices,- the jarea- -'mf -'et eu

tfhe orificeiiwas _ Ape.
dij IV develd psthe-area r-eatiL h frixm two sets of-ineasur-

Tnts. T4!!:g resilt aee within 1-5- pjercent.; Thvif zghqw an inlet
aire&-o-exit ar& raioof 7. 7 to-7. 8 for SP-5.-

. 'SMALL. PARA CHUTE GECM1.TkY)

The ifilet_ dreai-to-eodt area vaiations -between the SP -3, -SP-4, and- SP-5-
J _~~PARA SONG small pairacbut-es were limited ,to manutfacturing f-toleriances.

T~he tesuftant gebinetrit:h difr-ences in porosity -wer-a. small. T ss was
9 -determi-2ne'd by -cailbratibn -tests --ifithat ere: jperkfloi 'ed to establish- the rAt6 -

of inlet, ar-ea to- 0eit area bas§ed onj the.iov t. rss of -one-half minc
of w raer. A typical coatedjvmcsb roof Is -sloip* in, Fgre3.

~:STRUCTURAL LOADS A14,01A ,ERiAL SELECTION

Usingithe canopy Aerodynaii Lheqr;y presented in-Item 3 of this secrtion,
'the gitrbictura1 loads wqercaklc~lated-.by cosdrnAhat the isotefiioid
shape of the canopy allows; the radial line loads and canopy stresses to- 9

b~~unirn throtighoutilic., structurei.- -

Thedmethod~of optimizing andl analyzihg parach ut es for static load ing is
defalled in Peferences l,'29, 30, and 31.,nadto,~ rcdr o
detekr.niiningk the gore Pat~rhi for the- small paraciiute -designi of Phase I
is giVetn-in _References 1.#hd-219. The 1asic: method of construction

(bias&gores of a single -ply fabric and-a set of equally spaced meridian
cords) was retained froM_ Phas'e I, of- ADDPBP._, Thus,j the stati c load
ana.lysis and the gore pattezi determination proctedure apply to the drag'
~devizes- of -Phase ULI

76- -
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-3-

Figure. 32 -PARASONIC P.zcatzith I.Coa
MeshRo of.

the e'qxc iru e ~to~frt~sr~e ~ e rid Ad h forc. -s iii
th mrii dtrapiat ~ny poinf t hy sare as foinw te f gir 3

lK~ -mi d - 43i

Fiu-- 33- -~ Siteua Load" bei18)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __7_ _
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in s, aiis~17~ai

-PN

-~ ~~~~~ ca 3rn niefingal11 4cle

n~'ai

7Tner2, of2 eria s -r.ss,s

- Ir~inlxex t2ap -tr6 s

7--S NV'borl f J, 4TWiNr62

N -'

of~~~ tl-kb -lob (pe i uscooralte eii-n, aaa l zncle.i-ti

' ht-*F:ip US cgoria -' 'Th

idi -II7 ofTz~~ .Te aiountbf adaitinl cloth-Usedaior~ tl .&e
ca~n~e nin~dbr ar ie xdiinension -f agoreto the dmn

Sfiancethe--gor-e zar e bn lHe -biaN the annimbtatte -stpesses- Nlj anid- 1 7-e,

awssumted -equa. Gven fe mahstraits, 4and little xacing- -of e isma~l
paradiutef 6onfigrrioh This isl a xe asonable -assumption.;K

-!C 0 -94 (0
N -

-I -O0 121)

N 003- 1 (22)

-As the 'pressures differ 'twe6&nThe inside and th r.outside; The pressures
caxf-bebbotained~lroui the value of -q ndTeapopiiate pressure coeffi-
-cient. Zslng a- porosity o6f Ill 6 p&xcent for the rbof ainaterialh

Inteinal, pressure-on 4-iof L 8g(l -;O -0,1b *40 94 q(0-116),

-~ V - l270 q boveamrbient ~ 3

78
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C. ~ tNerf: orei

Ae'sulfaht miesur on i roof 1. 7a abwe-xi2i{4)

itReoxjaz~ressi1re -on skirS 4front of equatox) 1. 71q (26),

Us~xga~O-psidynm~ cp~esuredievalues fTbr s;tres ts ad- frces are
otine4 -as Sqwinm ziblqXIX. The y cQori-natelis nasuredfrom thne

-~~~ bcLdk :fh pavadite. Th ub'lielac4alLted fromh the
prdssux da Wde-a's-

N, A,

(LPAordiik±ate OADM. - - ericiaLOAD,

-'100 -13 i 18

3.00 -A C)

8-.~O0 1.4 57 6.

3- 5.2 -q, . 6.3 74 3

A 13.44 6.95'85

14.22 a .2 6Z 2

IS 4.ST10.29 j 7.1 . 69.4

20 14'412A9 z. 67.1-
21 9 6.9 70.3 I

-, M.7 - 4,41~32 .0 i6
Z4,Kii 8A1 70A0

25 J 13.4 16.60 8.5 84.0
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This -prd &da vaue i~r-m~ - ----- -- -_______ 3Iof

-- ~os -1 _e -- -

This _kiei edxdrag va4elue,~ cauasedec fRe st eneq conion eora ofb

0.1 e~atdbfrx~inew atinedato thie smaelp taahe odelnshi i-4

- ~ ~ ~ ~ -- 14 hidsIr1oy( in 31. Wth 4! a sispnso3 Ae 45ge f 3 dgt

Mf the ai ~he inlet Alpi calclaed fomth eqySOIlbriz eqauate,

whllfroi6 tl e thesfeowipnppne ttgac , esi± t thefiiletiloon. ihefforce 6n the- in-
1t or-~i

A&schr %twpnyegeb7n~dg. ls !dh (29)~
/A ki V4,Ws o p-eio'hb i 6f- eietlii-!ni

- ~ ~ ~ ~ ~ ~ ICU - WP~~ONkEPE- -

'. K TEERMOkNAMI ANALYSISrESDI ANLI

-ie re 34dyFloamienld Scometis af ]PARASONI-c smllaracue e
J riigi h aeo~alaigbd n ~esncsra



SEvCTION flt - SM&I.II tiAAcHimTi DEC-tLERATOR -

-i&ir-esfgaU os coild-cted onLBJALLVTE decelerAtors 13m tie vwake di a lead-
ing -boiy (AN5hi)P:, -17r- e M-, lzbfirence -q Ii 51igz,6 34. 'the. twq o es
L~iznnese &b a.fo ed oIied by !li lea4n b, bo -1>Wshock. The

Da~&C~~fle ete~e-Ar fts§'tfis 'sutjected to ai' flowf ield cdOnsistifie Of a
visciid jqivsi aergo ~slhgfo-defo ver -the leading.

- - ody. A pv6do ofthe iazchutef e 1i* leain -thhe c6nlaezice

ioais v iay-sbieedin thie v~lovs re gion ~ cag hd
;,a". in the tv-icfj-of the skIe.rt., -bwizypeof sh6ek is forriied. in the
su--'eansidix'line region vahicl~is. -exposqd td the iici otomof -the

- e~dL7,g h od . *ate thlouel sokskk f~o, -ix evdec that
such4 A fo* sLuto & jxths eneprimcfitally-deternfiined and

-pretorted-6n ihx teverefcce 3c.'

C,. aayiii since- only~ limited data are ivailabli regarding

snc a lo fild T4115, inleu of excperixneh a eydence od .apriar
type~~~~~~~ ot;wiItedciitri asi~mqne4 to'be- eairposed to heS?,ne

ii~e dramcopmdtzons that tihe 'iead' -bbc -is -§ubjectecd to along thie-tra-
jesctory path Thig -i ssnewas ~Ie primary assuimtionnmade in de-

- ciJngathra a .ayi rnthloz o rachiute delerators trailing
in he ak ora ~adng ody(A~DPPPhase -,Ref~ence 1). AouV-

lihe of tis me--thod ,is§deioied-belo-w. Consideratlon~cf the mc.Gre- realis -
tic flwBl sdfre iuJmore definiti rxpernental1 data, be come

- a~~.ilble 9i1 f~w ch*raciterisftcs over a pa acht decele atoz i..*he wak&.

b Afalytic.Methbdft

he6 elmtii6 tqy-~ IiI -aahtiE eile~o are the

Ied tris,: the leading e~k of th-sit the sr torfte flo.h

kisdto ie- - I
- p-k 6f thee elestieteainr flo thqeO decl e ator. These

In ~ ~ ~ ~~i th aeo h aoyo of h aclin ofd sthe he? c traft- rae-
requf61 rea .pecial cnieion Thusesu roiopedrnnp~ahts

- V inj e thi flih egime.- As a ons fEqulca lowe rii&te sirig leahfj smal

Sthe aracut aop andl- d (2)h -b stati ovr~ actingh rmn l the othe foth
Ef chp roos. -~I~the ato mopres..ursObee criduticaI Uso Inicl
ocijr6sthr o teseorditices.6itmiihn-ft' e J r~ hs

#6r purs~ o' thema anyin oihjm the- rof lmets it i as--m tha
1he hg flux rat todie an elen o th e roifoaing section of s. typical~te

oiie cseld'te caco ie by, us 'he cuaingii~ trnfr coefficet tafiji res-

- - frm n evlutin f h followin e ruilnse Lof-is,luto ymbl ci t.'le y
pin tinaryt- pges oc thi report):.-sia

chprOE Wh --aic-ofp-piur.beoe crtial C Ic 1
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:Ths-46df~ i- de-lde iii f2'~,e3,o aclaig 4eha tn

fe,-oifidi!n t -,;no -- ,.v -1, .-t -i esl a Cp to -the. coniton

inie teja---ie fto-d&i-t-h:i-go er of-tdkb ufc

-A- e d h fo b~~i -. ahd ift #ePrcueisaIu e r e

igre~ 35 'dScematc ox- th surace:I -teprturaehemehdf

\pr/k'/kr 0thi9 pe I
~his -quatio ist deepdt aoReferee 33heorhermal-ating the heatttoan.

,-inie- the pha~tites -aif defvined, th tbemgeomtry rofne of any ofcth speciietan tuey ble arbuiiiie "ond tnote ghue isassmLo e

-' Oncie~ dtbhe 6qiircuaheat tase befcetiac ovruad then het flx ate iondtoth

Sinelq th-ate su dfenn on heeseracer tempesaureg t-hegl mthod fi

pce the thea-fingh ratests that defie, thea baeapeatue rspl.sed'o any ofi

- 82



SEdCTION IV - SMAL PARAcHut -bt E4ERATOR

bai.Hene inthe c~se o a-c 'r~i~ ea-ifot he roof, the partil1

diieenal eiquation~a it ae apl~ef~_or heat conductibnimha solid 6 1nder:

For slil like- elements, the heat conduction mnethod outlined, in Refer-ence 2
may apply._ Thfis-equ; tioin ma e overted 'to a, finite did~eree e~ai=,
'ao-that -the 'beat-in- -'inus the- h~at-ot li'IsT equ4X to the heat atored; if it is

atsud-th4tthemnatei'ais~i divided- Jntb a nium-ber of nodes, then for any
it n-e - h ia aai-,-I

kiT~~~A' 1 3zT ~ +

i ~ 3r~i kk 2 /(T.~ T'~

h(T 1  T 3 =- 3  ~ i- T+ TI

Att~ a~d,,ufae thzlliwi -10~qt c' diii rien~ r)

n -:I

These equations are readily adap table to. digital coimputer lapguage so that
,they can-b e, _s ol-d'.as a funct in f the ir 4j e ctry pdtl5. An, example -solu-"

dCalculated, and Maue aus-5-

the therial, analyss mfethods set forth above were used to analyze the6
SP-5 flighttt results. 'The SP-5, PARASONIC prarchute, was designed-
to be deployed' at Mach-5.6,anid an altitude of-120,,000 ft.; The flighttek
was c pleted, nar these planned4-deployment test conditions, as sown
earlier fitiFigare 27.

Typical thermal properties assumhed fojr roof eleniients 'Are gi'ven'in Table
X-X. Since the roof elements were subjected to the-zmost critical -heating
enviroti-leet, the resilts ofithe calculatifn--for these elements, &re pre-
aented here.. The other elements have been anialyzed, as s1uggested in Ref-
ez.ence I.

___ 83'



-M -AP4 MTk DECkLERATOR -

TABLE xx EII -k1 2TIES -OF SP-5

WiATERIAL&IN FLIGliT-TEST

- ~ - - Steciic Thei-xal,,
A.Thianes he a -, - cnductivity

The heat trkattaer cogffioients were cakculated usi# Equation4 30 as- a func-

tio n of i n e T i U e; rna l e v o n e t in d e t e c o p i s th a t d ue -to 'fr e e <strea coniitio'I su ject3 to ir al shoc-k at the inlet.face.- The he- at
flux ~tesr~su~iui f~on t1 clu as 4r sh6-Wn iii Pigure 36, as aiunc-

tictit of Idion. lauii~h. The- !iialek heat-fiux xate on-a roof eleinent
occ urs iifieditely aerdpofnt tws calculated to be ;- odt Z4'-
hbtu9~-sec. -ThehjaIng Iat deasr-dyastevhcegadns altitudea.
About .15,s6c after id 16' iii, Ithe ,h-6a ting7zwas _ca1~lated to b-e megligible.

Abpu 360secafter Iaun,, aerodyiiniheAting in-r eases as the vehicle
ri-entets the -sensAie atrnosjxli ee.: The inaxixn hea*t flux- rate -to a roof
elemeht was calculated to be ,abdat twiceta exprecdkrn. xtfih

depIoyme'nt'(or about 50 Btu/ftZ'.$e) -reefethe hetn deci eases
-aii the vthicie d eeeae t -terii~vcbnii' s

4 S-4

I .- TT

tta
TEST ITEO&DbPLOYgD
12:57.44.78

01 IA j.

M-E-
0 20 -40. 60 60' t "10 220 360, 380" 400 420

- IME FROM4 LAUNCH CiECONDS)

Figure 36 - Calculk.ed,- Gold Wall Heat Flux Rates

_" 4



_tu e ~ e- 37-As i niz

p~bictd Tcovzy empe'ur calculated o t asi of the-tr ajectory
-i4oniputed fDr this fli'sht-test1 case. -,aupiJmposedlon -these pr):edicted.-terni-
ip 6at2e Vraziatiocis aie ti{tl rdoaltempverature-data taken
fromt the vehicle 'nose -obe "id .(Z) Nomaek roof temperature- data xeceive d

- fom h~rmoot~esmou e n -the _ 6f~ eleents. The shApe oi-the pre-
diced':e_ o covery 1tmnperature flr airi following deploy-ment6f tets

itemclo~~y fllbsth~teleet dW -teznp-rAttiTe, yphiclp-probe
dat. ouvrtber- id 00Fdfee- in: -the twotemperatures1

Evian4 t'is ffern -ei duet th nbi~ity 9f. "the vehicle totaltoi-_
pekatur pr6.cieasure teiiiperaties in ekccess of'Z00) F. The tota
tempei-atur~ e pce duigflght- teft _shouild'hae a aged only Sihtl
higher than 2000 Er. Although ihe -two. temperatures JfIZ amq_ Ta*I, zre not
*e,3;ie quantil~r, the drieece IS miuch-zrpater than :caA be-accounted

_or iappu~n a~ recvej atoi to-the totatepetat 4eto obtain the adia-

-'Te jedcted Noex surface _eeare ris e for 1axnrand-for tuirbta
lent flow -ap in ekcesg df That- aqt:i4ily experiendcldshortly after -,depl6y-
mient. Th analysis-, -based 'on- existing, tiirlmulent flYw, is too conserva-
tive6, ivh&reas tha t'ezmeratuize rise calculated on -the basis of lairiifiar flow

is-bre~r reasonable .

-,-The re-enftr poron -of -iie flight -i-,shownm on the rigIt-hand. side of Fig-
-iire 37-.- Ln the -ie-eiiary case, an ofset b -the cab ulate4 adiabatic waIl

(!I 2)ES
I. TELELLM -OTAL TEWaPERATUR_ 1

CNo=1\E 7" T HOTEM2

3. PREDECTED NOMEXSRAkTW.-

LMNAR+-LOWJ4EAT TR 47EcO -I

oZ NOYZEo_ A. PREDICTED NOV.EXSURFACE "fD

257O t h CENTEMLINE-T 
0.MPERATURE 

P JSIWP3

-~ COEFFICIPHTS

S. TSLEJEiTERED DATA FOR THERMO-
COUPLESI(OCkED WfTA~'OOE'

-o, WEBBING1 3O

T ~NOMekMTUR8ULENT (NOTE I) -(NOTE4

LA MA (NOTE3)-Wi4)

202 40- 60- so V0' 2 360 380 'A= Z20, 1440
ELAPSED TIM SCONdSI

Figuie 37 8 P-5, Flight _Test: Piredicted' and Measured Temperature'Data



SECTIO IV-SMILARApCHUTE DECELERATOR

twolf actors: (1) a,_ slight mismaktch in-time ,bet~'een -the actual £Iigb± test
-traje4tory -n th cacltd' ze-ntry trajedty upo whichi the predicted
-tepiperaitures .are based;_ () a .time-dela in the nose p:-oi readns. it;
iL. l ii nted-that-atemperatt re---ifferentiail agai~n exiss befwee n thg re-
dicted adiabati.- Wall tenmperatares a nd the telemieteredfiosve )pzolbe tern-

Thetie ~f'etis rxotpbyobiu in -the cas e Of the-v-alues for tlhe Nome a
terial. *N'o bzpqr-c__4d ej re itre are shown im.Fipire 37. The
Ifirst* xisinag teepjy above4 the tele inetere_-d- dt 5 was calclaed for a jp!-

sitinattterf~e 4he caig naterii au4-the?~jpe~c roof elemrent;
A texnperature -rise. to 700 F is pkedicte d in 15 seczat his locatin 'the
s econd tenperatureiiitary- matcne-s tlhe leeinetered-dati almnost, exactly;

hihstor ascluaefoa.ieisidd tb~e assumed' cylindrical roof
el1ement shown 4nJiguze 35. The exact locatiorvotf the. tlkperxnocouples is
between the ebbink.surtfac, aund-its centerline. Other -calculated -nodal
-te mperature -hii orie. -woul~ a~rd dle&the,' i ftetocr n
are riot shown hiere. It is signiificant to no~te that a fair amnount of correla-

tj~~n-exists-- betee tsetneauieA:'istqries during-the re-entry phase,
Whicr tends, to verify, the-assum d, tuenflow ctealgymto

~e-ase?. ~ raepo wbhich
fbr:' -calculatingi heat -flux xts h.wihthe te~mperatul(re ise histoies

Ii. onluio, . ai dgree. of coirelationxst etvn e predictel
temperture rise ih., o elem ent An&. that aciually eoxperiei~bd du~eihe
ae~t.9yiarpi ,heating exposure. Since the te mperatute rise is-ultimately
-a-fuinction -of the accutacy~ 6f establiqliing the heat flux rates to.1be expdri,-
ened, it is eVident -that these must be pr-edicted accurately. In-the analy-
-sis pres~fnted- lo il~efnmn ol have resulted in jiredidting-

a lessevee therm5al environmnent insi,.e the parachdte, tan py andthere-
b y -lowering. heat fflux -rates -to--the rogf elenq~enfsi The-method~of anass-J d~~veloped-in~thisi-program, -hoi~everi yields iresults that are wti h

reuls may be use d-'o teialgeg Prchtestceeatr with a -[

a. :n 2 ' 4 " SEAM, , E M . 'fNti TTNG

maj or, Phas e -11goa 1wa to extend the pefrormanice capabiliy of'-the,
coat~d, Nom ek par achute s to their ma~,±muh -potential. Acconmplishment

of tis p4 inged- on, applin th hr~~nmc4er-4tI'led in the

Phase I laboratory tests and vorifyjing this constructin-with aniknstrlt-
n-±ented flight test. Additional laboratory testing, of the optimum Phase- I
coating isystem a.pplied to,-the small- parachute design is described below,

-and,the theoreiical the rmal, b ehavior is compared with that shown-by the
SP-5wctests.-

b. Material Selection

Sele ction of materials -to- be used for constru~dion of small supersonic
parachtea was based upon, effects of probable test conditions mnore severe
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thanL the design tatic and- dJ±Z#nip 1oadings seainefficiencyj tempera-
* ture, ancl safety.- After basic ji ateria :2s za keqgired 's trenys werede

triAdd the p aranzeers of vwesght, _tlcnes prosiy idfly ad
weave were -cobsidered taagethe.- with Wpkicatin4gland coating-technq.

Material seeto-orf )h e t a~hts sI?3 S-. n S- w
based- On an~ysis as descrihaiiilemn bf -this ston.

C. -Materials- Test Di.tat -

A series of-tests -were -;ohdqctq4,to, extend and- ejtailuati6 earlier- data on
,cOati6-dNofiex xnateriaj tainied at low-heat-flux rates. The -late~st data-
weie obtainiedusing Jieted air accelerated t6 'Mach 'i to 8 In a heattue.
'Thel Nomex saznpiks -wer6 held- jerpcegdicufar io the,_airstream and loaded
to, appodntl percent-of fheir c break, room temnper~ature

srnih. (Quick-brek -br td, strzaim rites of approxgznately 1in. per

The tested, sainples, inicluded Nomaex webbing simailai to MIL-W- 5625an
-'MILT.W-408§8(se6 TalX l). 'ThIe-test conditions§ vairied from- a coid&

wall heatfitix raeof-8. 8 t612. 7t/t-sc(eTblXI)Th-test
res4tsva~d fom hor lit. ime (aproimaely2 sc)~for the uncoated

sampls to long life, i~ierioa.dsfoi codt~cik spes (20 to ,30- sec ), I t -is ikiv-
portant. to fipte-t.hat clcubling the tbicne s~ sof the Nomex we bbmng,( and 2
versus'lAI incieasead the 11fetize only a fration o f a second. This c .

TABLE~ja XXItESt S PLES P)F 'OE

- I: Weight
Width' total, Lisngth thickness' Thiclknfes A -1 '3

- fbatre -Br Coated
46, 1pngth- cQated bare Qotea Br

No0. 'Specificationy .(i n.) ____ (i. (i4 ) P (in.) g) (4-I
---- MIL!-W-56~ 'S .5 .11 7.4612

2MIL-WL5625- -1Z '24 -0 06,-58, 6.05 8>.0 7.4064

3 f.W5Z 1/2 24, 0 -0,958 '0.058 1-74638' -7A(63&
4. MiL'-W-5625, T/2 24 6, 0.,058,. f 0.101 _tbo. 1 10 7. 4601' 9.0-95,
5 I-65 1/2 24 6 -0.058 'a-116 idoO.1Z6K .7.4154j 9.1020

6, MIL-W-565, 1'/2 Z24 -6, 0.'058, 0096 toA i- 10' 7.4534 9.37-32

7 I-W!-5625- 1/i 24! 6, 0. ,058 -0. M, io . 131 -7'446 9.,8196

8 -MILT--5625' 1/2 24, 6 0.058, A-.102to 0. 115, 7.49~5, 9. 9930,

9 MiL-Wm-5625 1/2 24, 6 0,058 '0. 107 to 0.,115', TA-960 10.,0725
10 _MIL-W-5625 1/2 24 6 0.058 0.'118.to-,OA04 '1-5871 11.1564

v1 MIL-W-5625 1/2 2t~ 6 0.058 OA-110 -to 0.1Y6 ' 7.4,958 10.7269

12 MIL- W-5625 1/2; 24 6 0.058 A.Il11' 0-W4.13 0 7.4394 '11.0750
-IA MIL-W-4088 '9/1x 24 0; 0.029 '0094.3968 4.3968

42tA MLj-W-4088 9/r6O 24 0, 0.029 '0.029' 4.3914 4.3914

3A MILTW-4088 9/16 24 0 .0. 029- :0. 02,9 4.5377 4. 5377
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-a- boratoxytsr In ojunctio,-r-ith-the-

cot. ih&6'' b thick Dirfiatheim. f- 65 th ' '
ate&. 2 -i n-

$.DFSIGMND, FACt.;N

a.i GeneraL -

The prkincipial factors- tbiat shaped the. desig -and~influecd e the, f bzi'cation,
procedure of the Phase IMIPAR-ASONIC'smaj1Lpaachute.,eonfikruratibm.were
'asf-b~ow;;:

1. he anoy a% hapd. oigood. stzructt~rai effi ci! n4y.

. Thie canop~y roaf eleme6fts w*re reavFyiy-and,
-Were_ d aedfoI CT'godthizzl _pexfcarrnance.

3~; Th-e "an Wt-kirhad-A ceir shap- foi' efficit,
canon -iwesion' inie Ib~dt~se~

Described. bielow are, the,0 digji "d the fitbrication- techbique Th*ere
gener ated to-incoirate--tht-se fgaturies. -

b - *Design b '

* 530OA005--301.,~ The ifiaterials used in fhe ~construction., 6f. both uni~.s -were
daa -exce6pt in the, regibofthfe r-of goe-o- grK~re sieEm keini-

fo±~eniiitwhee weI~ing was- -used- fff6i the .YPERFL?,and biazs tatewa
usedf for the;PARKSONIC. Ote eindi#ferences between th , Vl6o types
were -thelk of'ertas oyh PAAOI -an.the.t~reatmen tx~j the -i?-

letreiforemnt.Bot cao~~s ad 2 gre-d radials. The DARA -
S ONICr -r-dalsw~re-forrhedlb,gik.-continiious s ieces- of -webbing :ov,-.r the
canopg,, The rkadials- wferesewed-to the gV.e -seax s andnaijitainthe
spacing of the iof ge'wbin.

The iidet rinforcing -taP6 and forward edge- of-the PARASONIC s;,,drt wereV
arranged in-,a acallo)ed pattern- forming a catenary be tween's sspcision I
lines to bilance-fthe fabric stresdes near -the'inlet. -The HYPERFLO inlet
was, cbnstruc-ed 4i,s-a hoop.-',

The suspensioii iines- wer. folded and stitchedI intd a -rdvrded cro,§s-sed&-
tion- to M-iniieg the effejcts of the line& on the flow into, either cainopy.
The conifluenc-e point'was forrihed-by ,the use of a keeper.; khig that con:-
ste~aihs and spaces -the suspens ion. lines-. A sinigle' hard. &fluence point,
formned by seWingL the lines together, was abandQned based ,bon wind-tunnel,
tests of a siinirarr pArachute. Lirn failuzes -occurred at the- siibg-~hr
p'in afer 90 sec of winda tunnel testin.

. Fabricatioii,

Thti principail fabr-ication 4dlio]pmefit consisted'of finding a method'of
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W&yii a4hreerdixiiengiohial mehrofothePRSNC Thd hrmo-

-dyadm~en predictions. and the inv-plant test Indts~picated- that
- -- - 0..0- in,- thickflomex coated with,&,AZ5- in., thcbyphtherm D-5, m et

-the min~z eangase requiremes.-oenadlt rshctjiu&
integrial weaving ,proaches were reyje~ed' ,as wer~e thewi~lth f he 4e-

F2jfiicti~'n of p.arachutie rof& 'pahels- Idn -coated ,arns 0. 15 -in, thick
preeiieis -or -grid weaving, problems, as wel),-as problemsi in seam-
i,'btweeb.the goresE axi-1between the roof and s9kirt P'Oro~ of lhe an-

~~, - opyf Atempts t icicrpoetwven-fromri this- stiff anIevyyr
pr d tile. forsto interw4eave -the iooi gores by, loJ~p4g.the yarns

iogethera the ,g6re-edges also, were -unsatisfac tory (see, Apeni A
Thig finiaL ,approach-was& to)hand! W6eethe- ietire roof as a uift, using -a
1C~ftinqous-_yarn that-wa-s alwaOys ,oriented' at -45; deg -to thie gore-centerline.

- -trediienexsional~surface w4s- devieloped uponf-which thet roofs§ *ere-

sebl lnnent, wa cntled'as. follows. The, skirt gore seams-

were ~ ~ 41 mache ypo g-mat;4ia aks .along the centerlinie of the-s-eam
1ap- The_-fmarks, were tfrasfeki7ed from the gore template to the cloth

withi anr iik -maring -pen t TIe naks -were spaced at convenient ififervals,
of one to ou Ihe, 6epending-on the degree of'cukv.Mur e of -the gore

Seam. The fneridiorzar -straps were correctly locad6by~jpreinarking the
s trapq with siationi fharks while they were in . straight and Iightly ten

sin&position fdr matching. with coxresp pding statiox-n-iarks onj the
gores'. The ttation xnark~v were- -tV~f ferred to the gpre s froi the -go),e-

9'. DPL-4pN- SE14-§seAr D fit QN PRCEUI
_j. ~ ~ ~ ~ ~ ~ ~ & 2~cgn~t s~etdpoymeto the. PARAS ONIC small

-parachutes_ were ihfluen-cecL by -the siffiness that the coating, xntroduced.
Eli&_ie 3_9'-shows the deploymirent. se~quence. Figure 40, preset-poo
graphs-of packing the paraichute into the deploykm ent bag.

- b j DplcSyenLt Seuence

'The PhA: e -HII depl~oyment system- apprbach-was the sarie as, that uxsed
previouslr in ADDEP Phase I for smal -parachutes (Refexrences. 29- and

.34)- an~dalso for, -tue -BALLUTE. flight tests (Reference 2). Deploybment--1 - ~was- from- within. a deploymen -- n.ocuxdWith lines first. 'The
test, item cofitainer -was 'Ithrutst rearward -from Test -Ve'hicle 6- at a: 'rela-
-t-ire speed' o approximnately 25, fps. The parachute was: 'onitained withini
the d epjoyxpent bag, Which was ,idelerated topthe rear by 4 bridle to the
container. Movement Of the bag rearwardl several feet straightened, the-- ~riser fbrward of -the--bag and catued a: knif e attached to--the ri~ser to cut
the lorw Lrd closure cord of the--bag; this, allowed the -balance of the riser
line and suspcension -lines to'be extracted in an oriderly manner from the
deployment, bag. Thd line extraction sequ~ence was contro]Jed'.Iby ties
to the bag. T-he- canopy was- extracted last -by -the lines opening -the locking
loop through- the internal bag, loops holding the canopy. The canopy unfolded
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o-I-

54

-WI

-4 5

1 VEH~IC FLIGH~T BEFORE-DEPLO N BEGINS. PARACHtJTE PCKAGED IN DERLoYku;r BAG.- RSER PTTACHED
TO VEIL.BAG-BRIDILNEEATTACSEO-TO AFE'SECTION.O6F CANISTER,

2,CA~iSTEFR SEPARATE'D FIOVEHICLE. DEPLOY .ENT SAG OUT OF CANISTkik;'6EING ACCELERATE BY CA (STR
T THOUGH BRIDLE LIN ES. RISER LINES SLIGHftY EXTENOED. ONE RISER LINEHAS MSTALCORO-CU -TER K~tFF.

knoll60 - D ;-TtiR"!Gft OUTER OCk LOOPS OFDEPLOYfMENT G AND tThROlUGHkNiFE- CORD'CLOSES
ENDO BAG, RETAINING PARA9HUTEANDRISCR IN -DEPLOYMENT BA~G WH4EN ACCELERtATINGLOADS ARE APPLIED'
TO BAG By- NISTER.

:CANISTER'ANQ DEPLOYifNT RAG FURTHER ATOMISL.KNWFE HA ITLOCK CORD. ALLOWINJG RISER LINES TODEPLOY.

-4Fouh INNER LOCK LOOPSSEiED ImsiraiAG JUST F7ORWARD OF-CANOPY INLET HELD-TOC'TER BY. OKN OP
ThiiIS ARRANGE1JaNT HOLDS CAN4OPY IN sAG ,uiflTL- QH~ES ARE FULLY EXTENDE6.YALOIGLO.

DEoPL6YiokNrBAG OFF PARACl'1UTk. AP7EX OF-CANOPY IS STILL ATTACWt-DTO BAG WITH LIGHT NYLO "e REAK~ CORD TOl
ENS UELLAOY.FLATED.BAK ODEO*NELY YSPRTD

&PARACHUTE..........AE............. CODBO~-EL EN? BAG AND CANISTER ENTIRELYSPRTD

Figuie, 3-9 - PARASQQNIC-Smnal1 ParachuteD eployment 'Sequence-
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SECTION ZIV ,--ShIALL-PARACGH7JT'- E CET -FRA'I.OR -

afid thei. was alijgned by a tie coxd to -the--bags When the tfie cord broke,

The parachute. was plced on the-folding, table.. Th esh poi-tizn of the
can~o was sStiff, as-a oreu.f the coating. thdepattefi
shown im Figure 41 wa-s used., The apx waccoreng, rwa nd (imade
even V~~t tie roofls"ikirt ,seam, as, the, Sectiona iyew nivFigure. 4-1, ind-

cae.Then-the rofWaolded..into sxlbs as- the plan view, shows-.
To cornplete Aie canopy* folding,. th e skirtw was pleated dnd turnedinto -tbqe

4ceniter or L outside ,the roof -,(not shown.1n the tplan-view). The resu -was a
loos pak aprcixately, M2in. in diar-eter -A~ .n. lhigh

The pe*c od' WAS, TyeI IO -nyln,, doubled to giVez ZO Z0-1b, gross.
capab ility The cor -dsa attached, to - he bag withi clove. hitches arid "two-
haWf-hitdh&*s. The. locking- loop) that held the- inside bag ,los t6gether
gdj;aceht ,q~the skirt. consistddof a-25.-in., ciirunfer -ce fI-i,2500-lb
webbi~ig c-losed ywith a 3 -point, 3-in,. long splic sewn ~with, FF -thread.

.protect the-fold of, suspensionllines in. the, eid ,of- the 1l-cking loop, the fold-
%yszwappedina 6 -b,6-i._pieie-of Nomecd -cloth be'fbre- being.-inieted.,

O44e *ias placed arouind the folded s~uspenision- lines, one at. the, cdrifluenciB
ring, and,-two a.long the riser.,Tecr ja coe h bag-consist-e4df

.N ~tWb~turns-.6f 550-lb h,.c6rd~.

A

SKIRTIIE
SECTION AA

- ~Figuire 41 -PARAISONIG Small Parachute Canopy Folding, Pattern.
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-rut,,ei 4E23 6tiuO aaht S

a..Cofirti -es~s-bsdo 'a

I 4t
Detit (ifere e.3),! f-wafd_11-_e Ius nAenraiv the mallaahut bee (to
flkigttst&sgns congb .tin& loa.' 'he, htst--'a'lity-r.esu, ad- on drag'l'

likdaa(Iguesw '61 ,n2 ad SP-4le r daig ta,~e were similarutorthe
-oelta Btaed' ith sila -ll-ste c~relanifs, -f ;:;-D0)i test fciity
aitune ate (Fr 23yq. hrnfi laerl tait eastue dra aiy h sa-

b~iliyflg t~i'c.,6 Mxc thedn gracu eat ber to 2
take i d e she nder oad sfthe wdigvfus aue-fi ul

small zs cae -wind-tunnel data 'Wde not qoznsistenit enough for design. useI (F~ure30)Th-neasrdnoir surf ce, area- drag '- oefficiznts-we're:

I. to-SP'13, 0' 306 dt, Mach 2-.68

2.4~les For SP-4, 0. 3c,77 at Math 1'-. 42,

-3. For SP-15,,, 0.145:at Mach'5. 23<1§,vlus d ompare favozablyj with'the bredicted. dt4g ctoefficielt, Values-
that wer-ba~d _6 0242-at Mach 2.6,
0.. 32 at MachA .42 n 7a ac.52 (Figure 306)-. J4o% ever, 'the-

tes vauesareconsiderably le.-s thani the- -drag Va.lde's Ah. steminiei from

Ipredicted ,prt6s sur:e-distribudtionis _vrthe canopy (see'Table, XVIII), which
do- not.-conside r the ioss. iitota-"1-pressure,-due to ,the wake of ai forehody.

it - C. Strtictur& -

On--thiE' basig 'af the drag- link and icamera data, it is cdoncluded that;the
parachute's are more, than- structurally ade4qiaefo h d'signcziins

~h?' re- entry case for6 - idicated the P'-rachut6 could withstah&d more
severe heating and- loading environment s, than th~e -desig' 'values. Peak
loads of 100091b, after'being subjected to- a- cold waill pulse of 33-7 Btu pulseb,
were Withstood, as compared to a design. load of 1482 lb and--.a cold wall
heat- pulse-of 162-1 Btu,(Figure 361.

d. Thermodynamfic Analysis

Athermnodynamic analysis was perfbrmed to (), compare the predicted
material temperatures with te melasured tem-perature values foi. the

96



391Y SM- -C -P

SP-5 f~~tts n Z evaluate the predictlng tedi nique. The predictioni
technqiqcue is con3siderl~ed accep,,table for eiijrihiig esign. Figure 3-7

- ~ -pr.4ehts th _values f6i* nOrparsn

Theb measiiredmaxinium. ZOO-F] temperatuire vilue du ing ascent can be
c~mptedwit 300F fr lminr flw aid 00' for turbulent flow hea t

transf~i rates;- The.-measured te~mpejrature values to. 800,F during re
efrjcaii'be compared with the predicted. teir p erature 44-ues to 800 F

-4or' tivrbuln flwh a rasfer rates. Thso: comrpa ,,isofis -suggest -that
thel heat tranhsfer coeffi~ciehts. duingi SP-5S as, :ent should be '6a'4d oni lami -
nar flow values. The're-entry vaLue gie w_ th e turbulent heat trans;-

e. Mat erials

-T-he- selectea niaterials, 'whic hperfodi a~d.s-required, -included Nomjex'
clotih anh'weLbbi g -&oated w it Dyp~natheim'D-65. Heat-tuniel test's indi-

caedthat:the doating offered a uhmoeefcin.et poetinai

proala, than: inicreasing the mass o-f theiNomex (Figure 38)1.

_ e esign afd, Fabrica3ti6n-- 7
Thes~rctua-des;n ev -ve f alyi pbrformed dufiing- Pha~s~s I

nd .Teb.ic chnge fom the Phase I1 desigiiswreascae
-k'ith the higher teiipei~iture. priedicted f~r the SP-5 -flight test .conditiohs.
Thes codtos rqied- the developm-int of fa bicationte chniquie s f6i

thee mesh roof (Apedi ) Thiese iiichided est-ablisbIin Iatre.
diieisi~nal " saddle" -§h@pe.formf Cr we ving-the ioof acciir~atey , X2Z)
weaving techiques, ()attachmnents tteskrand (4) coating methods.

a. Deployment System iian&d,PackiiigIrcde-

4; ~ .4 ' - -aktg 1< to ht~se
The, Pha.se III diept~ymenadpckg procedure is -similart't1tue

f- tesmall- parachiute ,in-Phase L A -bgWa8-dsad t-btaifi -ii~es~firs

'd'pl'6yriept anid limrit the snatch-.fqrce.

(Reverse is blank),
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- re-li -jrj -q

tetfgtciA - -s,-ezi*n-d~uinsebnig qrteeeau-

-6ted -con -

Durin the oncldin whs' fid o ThDeP (Arda i Delyal

fliht tets rexitd" wee ue t.,h"ote evalutb dcameraor o 4~i~mtn~
tioe are te h- -i

2.lib uFREErs,.bLiIG.HT AsTGPBIIY

Frozi- tess df he resight tgt iilsc.a'boeter th e ms ia it osfa-
-~ueh the d -o

-'The perforfnia~e, [of'-T5es Vehicle A/Bqbstier cAnsbe
-6re~didi' ith ifidec Te dat s-yshem i~aras ade

-~ ~~~r A'a~' -i~pt t othe etbiio camedra- beoe n
-OVoc - eib~ tte hi 5 -er. Ma, iumer ha-S 2~z3A

- cedth dit n -goi-als. -{ow ver,the' ! -'resbltyo

2. he perovmae-d ofh Te e kile GBooese sig
-iggi - r~ zTedtatas

'sign ithi acf&1ddt Lh-igiin-uii teSi et

1. _the _flight tests confirnif the. strong inflation charkc -
teriscs of the, cahooy. when the inlet, is rdefed4 to low
a I area -ratiod Ivalue~i (0. 15 to 0.P. 20)ain the transonic., and
sppriiofic .fegime 6,(Mb.ch 2. 7Y.,

-- 2. Phase III free -flightsdrag values are cons isteht: with
'PhaseV -i~esults and& si~gnifi'cantly higher than results
-'obtained,.fromr winid-tunnel tests of similar mnodels.

-3. In the casd of Parachutes having less than-,0.-25 line
twvist values, the -measuied' oftniftg -times- decrease
with 'ift6 cr easing flight Ma ) numbers and dynamic.
-pressures. Phase' II efforts indicate that 1. 5 turns
of line twist lengthens the openRintirn.

4., -Calculated- values for opeAning shock indicate- that
these values-decreaseWithinCrain~chune
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SEC TION V CONCIUSIS - j2
and dyami ren sure. the ,ar gest, opnn sock

lue occwrs at th&Ie l~es.Mac nubr, ya
pireasure , and efn ie

5. An anadytic:al approach is nee~ded'-to predict reefing
l .ine loa:ds;5 A- ne approa'4h pis esexnted in Ap~n

6. edticed ref.rhu xit stronger reef-
in~ ine is ilred -or-, ynaxiiic pies suries ,greatejr

jthan approximadterly-;2,50 p

7. Changyes to' the& s-11spefi ioi: l-in ater-ls, #hould be
consid~ered becaiis~of the dag C9 to th: lino~s;

8'. The deploymeqnt 'approath is sa4fco s demn-
-onstrated, by -the factthat the snatth loads are fin~h-
le ss than tht- 'openinig- loads' an&, the lack qf -deploy--
-irient bag-.damraged. Ho i~ Aag to theyo

4. SMAIL -PARACH E DEGELT

Fromri wind; tunhel, aifd ffe6-flikht, tests 'of the -small supers onic,parachute-
design, designatedP~SNC i is clddta

I.The PAAO"Odesigade,-nonst'rztes,,simila~r in-

flation and systerh st~idblty aaceitc durn
wifid-tunnel Ix-dfifee-fligt tgts Th sbity is
~btt -'thab:n th~ft bf a 4XTPERFLO desig fithat 'was

also invflstiLa~d

2. There' is 'a gpqd, coireritiofibetWdefi the' rgca
teristids ofte fre-1- dra hrc

tete, lsalepradiites'. At'Mach2:68i),1.42_
'and- 5-; t23,--he no ia 'rac do ofic'nstetd Akgtts~ a4wfdtn e

0.306, -0.377, and, 0.l45-,, res 6ctivlfy, 'base~d on,
free -flight datia; and:.0. 242- 0-.32, aid!0. 17.j bas-ed-
-on' wind tune, data and -extiap6lation~. The small--
scale data obtaiii'eaa-r'riot'cnsisti~it Iefib ugh fok de--

3. 'the p~ahts-t strictqtally 449quate for the de -

'6. The delpiet sy~tem, iwhich is- similar to normal
lines -first approacies, i's- adequate.
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APPENDIXI-. 1

- A~IN~ MAX-DAUNCRIE IN L- LO S FOft

L4ARbEPAIMGCHUTES

An a.nalytkil mprahi peei~~efi~ iit~ h n xir reei~g
line loads -oflarge supersonic p. rachuitei. The atiproaich considers. the work

dcne by thfe dynamic pressure, from the line estretch conifiguration to-thel reefed ~
c onfiguration. It is§ asunied'tha~t the Workis stored. in "the canopy as strain
energy. Xhe. V~us cal cl sn this agxoacbh.are condipared wAith ±esultsj
obtaiiied Iroih iree-flight- tests 4 sif largej p.a~chut~s, jdesignated, ILP3, -4, 4
-5,, -7-. -8, avid,'9 l h aaht ciinobies are charapteizea by4a nofi-
nAl di:.-nietei of, D0 =16 ftandby supensoVa lie length of :L. = 32 ft.

-Tw basic s'IihpifigA assumpainp'aer ;n

~l. Tke flowis, ihicozi-pressible. --

2. --, iert-conditions..

withtse& assuimptions., thie ~~re4f- difference;across tlc caop is n-
stzint-d~etnal tothe dymalqii press-lre, and' the c~anopy shatp becoxnez
Sph~iidal at 4naximum,- conditions. Thus,- to-energy tfato- r goe:(.
the, e-ergy reduiction dute to -the .higher dxternal prdsliresa-.cting, on the for -
wr~adcano'py surf-ace and, (2) the-e -regyi- increase duie -to -lo~er ekternal lire s.-

sureat-thebase of the canopy. -

T,4' fiig -equ1ain 6 ie ~tivOr1 W, g-one -by4the dy iabic pressurej,,
- - ~ boithe pa-rkdch~t Ioiiurtct ofF re4Ata-in xit to the codfifiguratibln

X -Yire 42B!

w =4( iV:_(9),

IIWhe r e: -

V VolxTe, of air. oundedl bycanopy and inlet plane

-1=volurme-!of 6d. eisdiaefdpaaht

biaxia'l stres -11, dile to opening shock exsts in -the canopy, the strain en--tegy stored per unit area of ctAnoy vIs:.

Wheie iRs 'the, surface area: of'A a artiallyop~ned, parachutet and where--
the strain in th~e canobpy, is assuimed-at the-,maximum ~value of.-

EM 0,', 14 ftE/ft 51
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APPENDflC I

VV ,

3-

V #-R -IL'- 6. 9R(4

- -1 length jiomr apexto s'kirt along mrdi

r~ open g ~a~uze iradius (aspsumed speia1

R :e~ed i~c~iteinet radius-

R1a soli faepr~htei~trdu

A -11 -1

N 1 ,~ B7-14-A3Cq

ImaafuiohLi N' the, ca-nopy 6s sujet osthe farnilla tstks zue toy-
hlair1ic pressure: A

A z. ~ ~~~ (5-6),

AConisideinfg The mneiidional stress1 2NI, 2NZ, around -heinlet .Ahdi pr9jectings
it in the plihe of the inilet gives aij;!6utwar& radial, loading oi the p6-rip#e-ry of
the Alt-.* The total dr~a, --is given Vy: .

~A ~ )D CtbS pq A5

A Whei :

:10



=dra g- cc% fficienit jil. 5
-- DN

Sopeing -pa achte, fr ontal -area,

The dtag is-resttsfe around tjid inlet ,by the- suspeiniii 1un s. The lpa& per
uni~egthofi~lt~ipier(I~)isD/R, Thefolowing equatio gives-the

inwid adal u..~oiejt f thsIad-*hich relieves_ ,the outwvard component
Nf1+ sin B seO 'igur&e42B):- -

N --n -(R 581)
4 Wher-e:

- NLS in7th, pf s~sns_6 lirc

Note ta:

Now E4uation- 58Ubeofine l - -

jL Cf 2;24- '6~

Coniseiquenrtly, the niet outward-radiai load per, uni -lenigth-of the inlet periph~zt

A-1i the hoop-terision is: '

P NI t:N N 2)sn (63)R R q.R L 1

The angle E8 and- e radius kR may, Lz- deteirmined from the gebmetry of Fig-
tireA42B for X -:0, In-fact:--

'(0 + (G+)rR 'L -(64).

SR- Cos 0 R o-R (65)-

Dividing Eqjuation 64 by 65- results. in:
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APPE. AAXI -

's- 2

(.1t + sina qY 0.7854(16)- 201.,06 ~ 7

Where'

If y.A ififatedI canpsuac area-

- o cano9py nom0hiaa diameter7

- ~ 4.942t -. (68)

Z{309)7

0t 4. -942160. 6#);9316 f

fh rha 1a6~findfo ihr Eq#uatiom;66 forh 5. r~blst4,tig

LO givenA hraable SXI forg,"A Tkgiii psadius

Results of the tests indicate& the reefing.-Knes-iwere broe for the L -3-, LP1 -
7, ~.d LP9 paachues. he ~a~ytca1 alues pjredict the resut fL-

and LP-9byeainost a factor of tivo. Parac hutes, LP -3, LP:,-4,, and' L P-5 ap -
peaZ niria~with dnly LP-3 -breaking, and thtat occurred appxinty

q l /T10 of,4 a .on& afer the initiaf r ,e7' d, shapiye. - I
F'rbrA the sut of thi alyqis (whidh requires only knowledge of the para-
chute size naeif, and thie test conditio6ns), a reeing -line strength can be

predicted within~engineering requircemienLs§. Further refinements would-in-e
clude'the use of criipressible flow, vehicle wake, and estimataes of'the exter -
n ial-'flow for'the var ious) s tage s of o'pening.

1'105
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-6 - -APP9NDIX.I

DRMGU.E PAPC tF,-SZ AND flEFlNG

-,'k - SZ RRMPR&AGEUT ES

6 Ths~'6, dik rsnste~apoc o deterxiniing the drogue size, that
W~ se o ~ply he LP-7,,,,P-w97 'an't P-qTg- 51 erso lc ~para-

chts a.t: a- con~stanfsacc-eleratioi -

2 ASSUJMP TIONS -

*. W*htof esi item- and bago = 140, lb

2.,Z Weight Of cjrogue pahut e 5 lbl

p6 - ceh dei-", ,'

~~ - 4. Nominal- surfacd dracbeiiet D =09 to -

0Q. 26- (Aefeheiices- -U 4 ndi2O) 0

~ -J - -5.' Crcula-e tetcii '~~Mach,; M =Z. 2;, Z.-6,

an=~ 0 n daan'icpes stire, 5f4Q= =-7450,

'3-;C LUATIONSO 01-~4 - -

The drag r qrefft ar:

04O(14) C5800 lb 70

Thei Cdrhirrnnsfor Mich 34. 2-.,2are:
th&,.t;'-- r6 ~m

5800 58 0 '0.,585 to 1.0O7 sq:ft M

D~epending, on e ' telzgratio

CD aMac 2. 2 =0. 1 to, 0. 6'(7)

CD it Ma ch-. 6- -0 .09to -0. 26 (73),
P'

The nomi jal surface areas (S~ correspindiig--to the 0 D values- are:
-0

-~~ -i- 07
- - - S at'1ah.=#~~4 s-,(no- reefing) (74),

S a -a h..' .ls-



'-h- -oc -fadou,*t- af -btwb -te e-to-vlesci e

ith,~~ ~ ~ -i ws-hsn

atqach - A vic O._- .59-8(-6

Thebt tho is o drog9uie Wthe~lS rei,zwee thse qatc!'Z valerceint b e
reeftdote inesire ang~edofidAg taien.s A 0-ein diamete (D) fd ara-nle

chuete -diamete. 91 s it iva rios egee oft reefig was chosencd O

onfingrat maxiin.whre, dyenmi al ressurfae-da -q)iboedfficen r CD: - -I9-
A - ; 0_ 585 I I

-ain frth s0;pn119 valu she ref Marea I2t -qa to ereto_ h

constrcefdi ti6 arax(bas-oedodtai Referith en e i Th e efd in

cayinlet diameter hes valuet e-s ar-c c trpared widiams o eernef0

sunitrto -,wer-teniiia irface drag coefficieifit ia .5 h h s bv~ 0 0 sma0.;9t

strcled ainletf~ acrg atib.e laih da1hii~ et pe dict farger bsdz.g
vnalth fr e co eff en is z t14c .. o2

1: These 25-e- ng;atio xa lso'-be conipared25 42th5t, aa~n fd2 b,-

dk itinQf the cte parachuer te bThgl a caeo Ln. He± damter ranfd
canopy inle diniee wa .22et- reu a cnsrute i ro

th. 355 - t. The crep di eg aI~ r~ i ws- a rai6-Cen t o 1. Tohne
surface-dr. coeftrce- wiaset0. 2 ,6hc is- aovethe 0f-. 10 fori s-allf sce was0.32 in. lag-al ctorne ofdpoiatla. Th dora force basedLn tP-,tecntuto imtro~h~rge-a 0i.,afco
of all -The ,cfliiit edui'nliino is: drger-,e o-
in .25 0.le -damte,f~~h P- an 0. 17833(2-6) j=r aft. 625 4250 an 20 l

The smli-scl' daa wer take beid a-inmeforebd imtr nSthe paaed roe ce dite r wa1 in.farai ofte 6.5 t 30-The

Dparachute a.7 , was, -om 6.67 t 7 f or, trhtoof4 -to . Fo

parachuite was 32 in, a th or of- aprxiaey .Fr .- , P8

41adL:,tecntuto im~r ftedou a 0i.,afco

of~~~~~~~~~~~~~~~~~~A 1.?.Teflsiiiaefl nltino h rgeree oa1.7



-j APNDUS-:M

GROMMET 'l-EST'k REU3S LREPARACHUTJ'

DEPLOYMEN BAG

List'ed below are the, resultso ptl ests- c6ndce nsxpe htwr ae
.on-th6 groiunet-lacing apprbacd iied ir he ge parache poyiin'bg

-U,9

S .No.& sa'mp~e of epoynt -bag ;onstr, cted tcf 4,r4WIng

-8 Material
--Lacing wbbj: lQ1,96 in.,

- - -- - ~~ Lii gr ies: for no.. 2
Regults ,(t'taLi6r four groimetsy)'1': -omrn~s b~a .tiffxllout lt 500 Ib

G~dh~a~ti~LA80 lb,

Z. i'Jo ~ sanile of ~coiistructted 'to wn

a, 'Material'

b. Result s (fotalfor four grorinies)'
6roimentt , egan~o pull outa t1500: lb
-Cloth-faili3. -at'Z3 90 lb

3. o. 3 saiple df -de~loyrent 1bag 0o~rc t rwn

530A05-l 7sifig heavier bag' cloth

L .cwng. *ebbing- 1500-lbi 9/46 in.
-LaCipg,.gvnieti:, ,iveno.. 2

b. esults '(tota~for five g~frqmxret
Gr6ffm~etsgant-ubu~a 370.0-l

-Gro~mets 1'aaly ent at.400lb--

Jfaw slippag2, at 4830-l,.b

4. 6N. 4 ample -(no., 3sampiole modifi k-&)
a. Material

-No.. 3 sample with no., I lacing gromfimets replac-
i the smaller no., 2 gfoffirmets; and with 18§00-lb
5/-in, weibbing replacing ,theL5Ob,91-n

webbing
b. Reut (total for five 4grommets)

~0 Webbing-faileAdat 4950-lb near center
Grorniet9 g ongated, but'inpjace
Bag cloth undamaged -

5.No. 5 sample'(nio. 3, samiple modified)
a. Mbaterial

NU'. 3 sqample with new no. 3 grommets r ,piacng-
the previoxisly elonigat ed no. 3 gromm='ets- in the
no. 4 sample; and keeing the.1500*4b, 9/16-in.

,Webing

10',,

-h I



APl5ENDIX ll

b.Resu#ts,(tota lor iegonies

- 6e"bin falkdab49Z5, lb
Gromraets~eI~gtd but npae. ----

j - _g -. -_I

C-i-7

11



P6 osi-Ty CACULATIONS FOR SMALL PARACHUT SP-5

This-,appendix pre set±h *ethod used to 'mftas~ure the overall porosityof they SP-5 small parachute. -This~i'a dbnfig the ;air flowi tenstshown ,schematical in Fire 43; a- fhtg show

r g-

The velo:city; -diiirieter,, area,., 'ad now VOleae

Diriaeter ot6pp' - 1-15116 in.. 5-8975 in. 480),
'7

Area. of"PipeP 1A.~68~9- 
(1

_C_75)2 -6 2.6sq4 in;
F~d-'biire -i~ sd~id',=_me4an -velocity timnes area

- j; W--~4), = 21.80 cfs, t'iouighfpip an sftem

To-cali;ujate ve'dty'(.Y')>thrd~gh th'e Area ipi bsdon the pressure~dif-
feren tial (&P',.aot~he,- of:'

A'vel 'i 2 0_35 in. of water co s r of(3

22 =151(84)

V

I ~The roof exit area, (A) is bae ovluetrghhesstem and ye-j locty though, the roof:

A ~ X 2! ne. 21.80 = O . 5 s fAe V 39. 2' .56sft

= B-sq'in. 
(86)

The- measuqred -inlet area, (A.) is:



4 TOTAL PRESSMRE

42,-N. 0

- 9AN.,IAMETER

- AVEAAGS VELOCITY

-2-HP SLOWER

Figure 43 -Schematic of Air Flow Test Setup



A =a. : 6 2 4  sq. in. (7

1. 4 4 ---

.A .- !- - 0

Thscompares with. he_-ddsirtik Tati of 7.

A EAG - NCk, AW OkF 0.ZO' IN. OF',WATER A

.The -velo c~ity, dam eter ,a re., a~dt4L6W vqlu~neof the-pipe are.,

Y~oiyin pips = 30po= 83f ~9)

- ~Diamtx, of-pie~8106i.- 8.97 in. ,(90),

-Arq:,6 3 .pl( 8 3 .S) 6Z.6 sq-in. (91y

7Flow. volume pr -second-! -r~a# velddity timne§,are'a

2" -= 38.626 16.6 cfthotgh ifd syst-em

(94)

U ft o-cakllateveloity ;~)~4houghthe rof ekit based sn hepssure -dif-

To-Ierentia te e~locty d~~s the the0f

= 2 0 023'8V2Z =02 in. water-

g o.c~V8V 0,. 62 45 (93)

The roi(f-exit--area,(Ae), is based 'on volume through -the- system and ye -

locity thr ough t6e roof: o o r 9 7

Volume 
16.69...

The, measured i nlet area (A,)is:

A. 6213 n (7
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4 - -4

-1< -~ Theratio of A. toA ~i~j.1
A b24

47
- A 81 =<~-~ - (98) -e

1 <5

-This comp~res favorably ~ith the c@sired ratio <of: 7.. 44v0'4 4 4 4

444~ - :
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~ABICA~bNECI2~Q'US ORl .PARASNld.,PARAC GUT-tS

Tisappendixprpresents,6 t' prahuedt osrc he coated mes h roof

of the SP)-3 SP-4 d.SP-3 -PARASONIC pirachiltei.

C alculited therxnafd.- y-,m id requirements iiecessitated'-that the -roof-mresh--ba
made-of' 0. 100;rit -diameter Nomeix: coa"ted with 0Q.-25 in. thick D yna -Therm
D*-65. The resultihngthikn~eqs f the .roof strzcu6 ns-cm

theskit, abkcirh~- t no i;L dwing- methods would --nosuffice. -Gore -
to.gore -attachmients--alsbo imposed ukiqu W5rioblensI in eyig te thick mresh4 togither.

*After -se~ea effot t6b obain-iciii sew sa w en. the, rof and
skirt, the roof and cap, anthrfgoeit wasi- -ocue htsewing

-ve s tgated. The:, a ifd weavizl'g sep-raqe gor and weaving the. roof as -

a; Unit.J 'Wavin thero'-as -i unit -pdidthe nost flexible flight'units. The follow.-

il pocedi~e was used: The6 w~inatr asli u to-otin a bk~is
jpttern -i 6ac6h.gore-; A poredeterrnizi~d we4aving ptath. was -then followed.-to
minimize -the niinmber of joints (see Fi~gure--44). The6 Weainhg paLttern -required

-each&'of, 33 lIengths of. - btgo ass. copleptely ;roundl'he r~o in a zig -zag
path anhd thenbe, se*ed, to'-its'elf. Th4-13J64nts -*e'r e'4istributed so~that -no
~more thancthr! e occurred iiii io gore- Iwbvibbin le gh p atha were: (,
Nurfberg- 1;4, pass from -the- gore 'around 3. -webing, hoop--at- the roof. cap- to form
,a -finished edge.;, (2) Numibers 5-3aid asfromq gbre p~dge to-gore dg
aiid- change- dir 6ctibi at the g~,6 edge; a '3) Iuffiber l'4-24 pass from-the
'gore around'a'wvebbirig hoo vatI the'moftth -c4TE1: -roof ',to formwa finish~ed -edge.

A. weaving, fikftie Was ,used toq'aid Ih-abric---ting- and 'accurately positioning the

pmesh webbing duriigwa g Pdgs were located ~at all ;gpke -to -gore webbingII:intersectins. The fi~ktur-ewas ,developeddby,6 c~ngoupg IZ '-tiffend-,gorepat -
~tcns-an- atahii~ t~fi ~ &-iIi'long t'ie. iail centerlines . Because o~f the

fullns in-gr wiqs ade-saedsiface was- created. The surfamk'
was rigiidized: by_ backing. it. wih fioam.- Si'nce,-the surface of the fixture was
convex, -the nesh webbinig laid .agains-t the 6iirft.ce was true length.

To facilitate \veaving,, only light coat~s of D--65 were applied to the mesh web-
bing before the w'eaving began. When the weaving wa ople~ted, sewing be-
tween. the -mesh anid the hoops located the mesh webbing. Additional ,coats

weeOplied to obtain the required- porosity.

-The -weaving' apk'oach provided structural continuity to the -roof mesh Lt the
cap -and -s kit. The major structural, loads'between 'the roof and skirt cloth
were carried by sewig 'through the roof mnouth, we'bbnghoadteskr
cloth. Gore -to-gore load's generally were caLrried by the webbing, of one gore
interlocking -with the- webbing of the a~djacent gore. Sewing,-between the ra -

dials and the gores maintained the woven positions and carried-a portion cof

the load.
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- ROOF-CAP- 0-
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D~4LOCORE CE-,E
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